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FIG.2A
TRANSFER PULSES OBSERVED DURING VERTICAL TRANSFER BY VERTICAL CCD
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FIG.2C
IMAGE DISPLAYED IN MOVIE MODE AFTER CORRECTION OF DEFECTS
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FIG.3A
TRANSFER PULSES OBSERVED DURING VERTICAL TRANSFER BY VERTICAL CCD IN
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TRANSFER STOP PERICD

HIGH-SPEED SWEEPING EMISSION NORMAL TRANSFER
F1G.3B
IMAGE DISPLAYED IN STILL MODE WITHOUT CORRECTION OF DEFECTS

WHITE LINE GENERATED
—————— DURING HIGH-SPEED

e e o e S e S e —

——— SWEEPING EMISSION
EE% e WHITE DEFECT

——— b ——————— GENERATED DURING

e
—_— ' TRANSFER STOP PERIOD

‘il ———

I o ———————————_——
e | Sl —
P ——————— e ]

e — P
i eSS A

e WHITE LINE
GENERATED DURING
NORMAL TRANSFER

_
e e B e —
e ———— O ——]
-

Nkl ——
(e ——
s
4 e —
e —

A — S —

e —-

g

I e

—

e ]
prmm—————

FIG.3C
IMAGE DISPLAYED IN STILL MODE AFTER CORRECTION OF DEFECTS

v




U.S. Patent Jan. 27, 2009 Sheet 4 of 10 US 7,483,063 B2

FIG.4
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FIG.BA
TRANSFER PULSES OBSERVED WHEN BLUR-BY-HAND CORRECTION FUNCTION IS
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IMAGE DEFECT CORRECTION APPARATUS
AND METHOD

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an 1image defect correction
apparatus that processes luminance signals output from two-
dimensionally arranged light-sensitive elements via a plural-
ity of vertical CCDs (Charge Coupled Devices) and one or
more horizontal CCDs 1n a predetermined order, and outputs
image information, and in particular to a technology for mak-
ing less prominent a white line or a white defect on the
displayed 1mage that 1s generated from a point defect 1n a
vertical CCD.

(2) Description of the Related Art

Imaging apparatuses, including home video cameras and
digital still cameras, have come into wide use in recent years.

Some 1maging apparatuses use a solid-state image sensing
device, 1n which two-dimensionally arranged light-sensitive
clements receives light and outputs luminance signals, and
the luminance signals are output 1n a predetermined order via
a plurality of vertical CCDs (Charge Coupled Devices) and
one or more horizontal CCDS.

Meanwhile, such a solid-state 1mage sensing device can
represent as many as several hundreds to several thousands of
pixels, and 1t 1s inevitable that a certain ratio of manufactured
semiconductor wafers have substrate defects.

For the above reasons, 1 each manufactured product hav-
ing at least one point defect were regarded as a defective
product in the mass production, the yield rate would decrease
prominently, and 1t would raise production cost. In actuality,
therefore, to suppress the production cost, the standard for the
defective product 1s relaxed so that the yield rate increases to
a satisfactory level.

For example, 1n the mass production of solid-state image
sensing devices representing approximately 500,000 pixels, a
product of a solid-state 1mage sensing device having two or
three point defects 1n the light-sensitive elements or vertical
CCDs are regarded as a conforming article.

It should be noted here that 1n general, a point defect in the
light-sensitive elements 1s displayed as a white point on a
displayed image, where a corresponding luminance signal
always indicates a high luminance level regardless of the
amount of light received.

As one example of such conventional technologies, Japa-
nese Laid-Open Patent Application No. 2,565,261 discloses
an 1mage defect correction apparatus that stores data indicat-
ing (1) a position of a defective pixel of the solid-state image
sensing device and (11) the level of a defective component of
the output signal, and corrects the defect with reference to the
charge storage time.

In general, when a vertical CCD includes one point defect,
all the luminance signals that pass through the point defect
have high luminance levels and form a vertical line on the
displayed image.

On the other hand, many of the recent imaging apparatuses
have both a video shooting function and a still image shooting
function, or a blur-by-hand correction function.

Japanese Laid-Open Patent Application No. 07-38799 dis-
closes an 1maging system that achieves a blur-by-hand cor-
rection function without either a deterioration of the resolu-
tion or an 1ncrease 1n the apparatus size or power
consumption, as well as a conventional imaging system.

If a point defect 1s created in a light-sensitive element, an
inconspicuous white point 1s displayed 1n an image. On the
other hand, 11 a point defect 1s created 1n a vertical CCD, a
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2

vertical white line 1s displayed in a displayed image. Since the
vertical white line 1s prominent, it 1s desirable that any cor-
rection 1s made to make the line inconspicuous.

In the case of a white point generated due to a point defect
in a light-sensitive element, the white point can be corrected
to a level where the white point becomes mnvisible to human
eyes, by replacing pixel data of the white point with data of
the surrounding pixels. This 1s applicable to a certain number
of such point defects per product.

However, the method of replacing data of a pixel with data
of the surrounding pixels cannot be applied to a white line that
1s displayed due to a point defect created 1n a vertical CCD.
This 1s because the correction by the method substantially
reduces the resolution 1n the horizontal direction, and as the
number of pixels for correction increases, the corrected pixels
become noticeable.

Meanwhile, a transfer of luminance signals includes what
1s called a transfer stop period during which the transfer of
luminance signals from the light-sensitive elements to the
vertical CCDs 1s stopped. The transier stop period 1s, for
example, two or three times the normal transfer time. If there
1s a point defect 1n a vertical CCD, output luminance signals
corresponding to the point defect have values that have been
increased in proportionate to the length of the transier stop
period. This generates what 1s called a white defect on the
displayed screen that 1s a prominent white point and 1s the
largest among the pixels on the vertical white line.

Also, when a still image 1s shot or a blur-by-hand correc-
tion function 1s performed to decrease the deterioration of
resolution, a high-speed sweeping emission, 1n which lumi-
nance signals are output at a high speed, may be performed.
The transter time 1n the high-speed sweeping emission 1s, for
example, one tenths the normal transier time. Accordingly, 1f
there 1s a point defect 1n a vertical CCD, the value of a
luminance signal output in the high-speed sweeping emission
1s one tenths the value of a luminance signal output during the
normal transier time.

As understood from the above description, although the
values of luminance signals corresponding to a vertical white
line on the screen are higher than the other portions of the
screen, the values are not necessarily even. That means it 1s
desirable that a method of correcting the 1mage defect on the
screen can deal with different values of luminance signals for
cach vertical white line on the screen.

SUMMARY OF THE INVENTION

The object of the present mnvention 1s therefore to provide
image defect correction apparatus and method that make
white lines, which are generated due to the presence of a point
defect 1n a vertical CCD, less noticeable, while suppressing
substantial reduction of resolution.

(C-01) The above object 1s fulfilled by an 1image defect
correction apparatus that processes luminance signals output
from two-dimensionally arranged light-sensitive elements
via a plurality of vertical charge coupled devices and a hori-
zontal charge coupled device 1n a predetermined order, and
outputs image information, the image defect correction appa-
ratus comprising: a recording unmt operable to record therein
an X address for identiiying a correction-target vertical line of
pixels that corresponds to a vertical charge coupled device 1n
which a point defect exists; a correction value calculating unit
operable to calculate a correction value from values of (1) a
luminance signal corresponding to at least one pixel at a
predetermined position on the correction-target vertical line
identified by the recorded X address and (11) a luminance
signal corresponding to at least one pixel at a predetermined
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position on another vertical line that 1s not a correction target;
and a correcting unit operable to correct values of luminance
signals corresponding to the correction-target vertical line,
based on the calculated correction value.

(C-02) The above object 1s also fulfilled by an 1image defect
correction method for an 1image defect correction apparatus
that processes luminance signals output from two-dimension-
ally arranged light-sensitive elements via a plurality of verti-
cal charge coupled devices and a horizontal charge coupled
device 1n a predetermined order, and outputs 1mage informa-
tion, wherein the image defect correction apparatus includes
a recording unit operable to record therein an X address for
identifving a correction-target vertical line of pixels that cor-
responds to a vertical charge coupled device 1n which a point
defect exists, the image defect correction method comprising:
a correction value calculating step for calculating a correction
value from values of (1) a luminance signal corresponding to
at least one pixel at a predetermined position on the correc-
tion-target vertical line identified by the recorded X address
and (11) a luminance signal corresponding to at least one pixel
at a predetermined position on another vertical line that 1s not
a correction target; and a correcting step for correcting values
of luminance signals corresponding to the correction-target
vertical line, based on the calculated correction value.

(E-01) With the above-described construction, 1t 1s pos-
sible to remove the influence of the dark current generated
with the presence of a point defect 1n a vertical CCD, from the
luminance signals and make the white vertical line in the
displayed 1mage less prominent.

This enables the number of point defects 1n the vertical
CCDs used 1n screening the products to be increased, improv-
ing vields and reducing the production cost.

(C-03) In the above-described image defect correction
apparatus ol (C-01, the correction value calculating unit may
calculate, as the correction value, a difference between (a) any
of (1) a value of a luminance signal corresponding to a posi-
tion on the correction-target vertical line within a vertical
light-shielded area that 1s outside an effective pixel area, (11) a
value of a luminance signal corresponding to a position on the
correction-target vertical line within a vertical dummy area
that does not have any light-sensitive element, and (111) a value
obtained by performing a calculation using values of (111-1)
the luminance signal corresponding to a position on the cor-
rection-target vertical line within the vertical light-shielded
area, and (111-2) the luminance signal corresponding to a
position on the correction-target vertical line within the ver-
tical dummy area, and (b) any of (1v) a value of a luminance
signal corresponding to a position on another vertical line,
that 1s not a correction target, within the vertical light-
shielded area, (v) a value of a luminance signal corresponding
to a position on another vertical line, that 1s not a correction
target, within the vertical dummy area, and (vi) a value
obtained by performing a calculation using values of (vi-1)
the luminance signal corresponding to a position on another
vertical line within the vertical light-shielded area and (vi-2)
the luminance signal corresponding to a position on another
vertical line within the vertical dummy area.

(C-04) In the above-described image defect correction
apparatus of (C-01), the correction value calculating unit may
calculate, as the correction value, (a) a difference between
values of (1) a luminance signal corresponding to a position on
the correction-target vertical line within a vertical light-
shielded area that 1s outside an effective pixel area and (11) a
luminance signal corresponding to a position on another ver-
tical line, that 1s not a correction target, within the vertical
light-shielded area, (b) a difference between values of (111) a
value of a luminance signal corresponding to a position on the
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4

correction-target vertical line within a vertical dummy area
that does not have any light-sensitive element and (1v) a
luminance signal corresponding to a position on another ver-
tical line, that 1s not a correction target, within the vertical
dummy area, and (c¢) a difference between (v) a value
obtained by performing a calculation using values of (v-1) the
luminance signal corresponding to a position on the correc-
tion-target vertical line within the vertical light-shielded area,
and (v-2) the luminance signal corresponding to a position on
the correction-target vertical line within the vertical dummy
area and (v1) a value obtained by performing a calculation
using values of (vi-1) the luminance signal corresponding to
a position on another vertical line within the vertical light-
shielded area and (vi1-2) the luminance signal corresponding
to a position on another vertical line within the vertical
dummy area.

(C-03) In the above-described 1mage defect correction
method of (C-02), the correction value calculating step may
calculate, as the correction value, a difference between (a) any
of (1) a value of a luminance signal corresponding to a posi-
tion on the correction-target vertical line within a vertical
light-shielded area that is outside an effective pixel area, (11) a
value of a luminance signal corresponding to a position on the
correction-target vertical line within a vertical dummy area
that does nothave any light-sensitive element, and (111) a value
obtained by performing a calculation using values of (111-1)
the luminance signal corresponding to a position on the cor-
rection-target vertical line within the vertical light-shielded
area, and (111-2) the luminance signal corresponding to a
position on the correction-target vertical line within the ver-
tical dummy area, and (b) any of (1v) a value of a luminance
signal corresponding to a position on another vertical line,
that 1s not a correction target, within the vertical light-
shielded area, (v) a value of a luminance signal corresponding,
to a position on another vertical line, that 1s not a correction
target, within the vertical dummy area, and (vi) a value
obtained by performing a calculation using values of (vi-1)
the luminance signal corresponding to a position on another
vertical line within the vertical light-shielded area and (vi1-2)
the luminance signal corresponding to a position on another
vertical line within the vertical dummy area.

(C-06) In the above-described 1mage defect correction
method of (C-02), the correction value calculating step may
calculate, as the correction value, (a) a difference between
values of (1) a luminance signal corresponding to a position on
the correction-target vertical line within a vertical light-
shielded area that 1s outside an effective pixel area and (1) a
luminance signal corresponding to a position on another ver-
tical line, that 1s not a correction target, within the vertical
light-shielded area, (b) a difference between values of (111) a
value of a luminance signal corresponding to a position on the
correction-target vertical line within a vertical dummy area
that does not have any light-sensitive element and (1v) a
luminance signal corresponding to a position on another ver-
tical line, that 1s not a correction target, within the vertical
dummy area, and (c¢) a difference between (v) a value
obtained by performing a calculation using values of (v-1) the
luminance signal corresponding to a position on the correc-
tion-target vertical line within the vertical light-shielded area,
and (v-2) the luminance signal corresponding to a position on
the correction-target vertical line within the vertical dummy
area and (v1) a value obtained by performing a calculation
using values of (vi-1) the luminance signal corresponding to
a position on another vertical line within the vertical light-
shielded area and (vi-2) the luminance signal corresponding
to a position on another vertical line within the vertical
dummy area.
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(E-02) With the above-mentioned constructions, it 1s pos-
sible to calculate a correction value 1n correspondence with
cither one or both of the vertical light-shielded area and the
vertical dummy area. This enables a correction value to be
calculated 1n a stable manner without being aflected by the
shot 1mage, increasing the accuracy of the correction.

(C-07) In the above-described image defect correction
apparatus of (C-03), the number of transierred luminance
signals 1n the vertical direction may be larger than the number
of luminance signals 1n the vertical direction 1n a real area that
1s composed of the effective pixel area, the vertical light-
shielded area, and the vertical dummy area, and luminance
signals outside the real area include empty transier signals
that do not correspond to any portion of the real area, wherein
the correction value calculating unit calculates, as the correc-
tion value, a difference between (a) any of (1) a value of a
luminance signal corresponding to a position on the correc-
tion-target vertical line within a vertical light-shielded area
that 1s outside an effective pixel area, (11) a value of a lumi-
nance signal corresponding to a position on the correction-
target vertical line within a vertical dummy area that does not
have any light-sensitive element, (111) a value of an empty
transier signal corresponding to a position on the correction-
target vertical line, and (1v) a value obtained by performing a
calculation using values of at least two of (1v-1) the luminance
signal corresponding to a position on the correction-target
vertical line within the vertical light-shielded area, (1v-2) the
luminance signal corresponding to a position on the correc-
tion-target vertical line within the vertical dummy area, and
(1v-3) the empty transfer signal corresponding to a position on
the correction-target vertical line, and (b) any of (v) a value of
a luminance signal corresponding to a position on another
vertical line, that 1s not a correction target, within the vertical
light-shielded area, (v1) a value of a luminance signal corre-
sponding to a position on another vertical line, that 1s not a
correction target, within the vertical dummy area, (vi1) a value
of an empty transier signal corresponding to a position on
another vertical line, and (v111) a value obtained by perform-
ing a calculation using values of at least two of (vii1-1) the
luminance signal corresponding to a position on another ver-
tical line within the vertical light-shielded area, (v111-2) the
luminance signal corresponding to a position on another ver-
tical line within the vertical dummy area, and (v111-3) the
empty transier signal corresponding to a position on another
vertical line.

(C-08) In the above-described image defect correction
apparatus of (C-04), the number of transierred luminance
signals 1n the vertical direction may be larger than the number
of luminance signals 1n the vertical direction 1n a real area that
1s composed of the effective pixel area, the vertical light-
shielded area, and the vertical dummy area, and luminance
signals outside the real area include empty transfer signals
that do not correspond to any portion of the real area, wherein
the correction value calculating unit calculates, as the correc-
tion value, (a) a difference between values of (1) a luminance
signal corresponding to a position on the correction-target
vertical line within a vertical light-shielded area that 1s out-
side an elfective pixel area and (11) a luminance signal corre-
sponding to a position on another vertical line, that 1s not a
correction target, within the vertical light-shielded area, (b) a
difference between values of (111) a value of a luminance
signal corresponding to a position on the correction-target
vertical line within a vertical dummy area that does not have
any light-sensitive element and (1v) a luminance signal cor-
responding to a position on another vertical line, that 1s not a
correction target, within the vertical dummy area, (c) a dii-
terence between values of (v) a value of an empty transfer
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signal corresponding to a position on the correction-target
vertical line and (v1) a value of an empty transfer signal
corresponding to a position on another vertical line, or (d) a
difference between (vi1) a value obtained by performing a
calculation using values of at least two of (vii-1) the lumi-
nance signal corresponding to a position on the correction-
target vertical line within the vertical light-shielded area,
(vi1-2) the luminance signal corresponding to a position on
the correction-target vertical line within the vertical dummy
area, and (vi1-3) the empty transier signal corresponding to a
position on the correction-target vertical line and (vii) a value
obtained by performing a calculation using values of at least
two of (vi1i-1) the luminance signal corresponding to a posi-
tion on another vertical line within the vertical light-shielded
area, (vi1-2) the luminance signal corresponding to a position
on another vertical line within the vertical dummy area, and
(vi11-3) the empty transier signal corresponding to a position
on another vertical line.

(C-09) In the above-described 1mage defect correction
method of (C-03), the number of transierred luminance sig-
nals 1n the vertical direction may be larger than the number of
luminance signals in the vertical direction 1n a real area that 1s
composed of the effective pixel area, the vertical light-
shielded area, and the vertical dummy area, and luminance
signals outside the real area include empty transfer signals
that do not correspond to any portion of the real area, wherein
the correction value calculating step calculates, as the correc-
tion value, a difference between (a) any of (1) a value of a
luminance signal corresponding to a position on the correc-
tion-target vertical line within a vertical light-shielded area
that 1s outside an eflective pixel area, (11) a value of a lumi-
nance signal corresponding to a position on the correction-
target vertical line within a vertical dummy area that does not
have any light-sensitive element, (111) a value of an empty
transier signal corresponding to a position on the correction-
target vertical line, and (1v) a value obtained by performing a
calculation using values of atleast two of (1v-1) the luminance
signal corresponding to a position on the correction-target
vertical line within the vertical light-shielded area, (1v-2) the
luminance signal corresponding to a position on the correc-
tion-target vertical line within the vertical dummy area, and
(1v-3) the empty transier signal corresponding to a position on
the correction-target vertical line, and (b) any of (v) a value of
a luminance signal corresponding to a position on another
vertical line, that 1s not a correction target, within the vertical
light-shielded area, (v1) a value of a luminance signal corre-
sponding to a position on another vertical line, that 1s not a
correction target, within the vertical dummy area, (vi1) avalue
of an empty transfer signal corresponding to a position on
another vertical line, and (v111) a value obtained by perform-
ing a calculation using values of at least two of (vii1-1) the
luminance signal corresponding to a position on another ver-
tical line within the vertical light-shielded area, (vi1-2) the
luminance signal corresponding to a position on another ver-
tical line within the vertical dummy area, and (v111-3) the
empty transier signal corresponding to a position on another
vertical line.

(C-10) In the above-described 1mage defect correction
method of (C-06), the number of transierred luminance sig-
nals 1n the vertical direction may be larger than the number of
luminance signals in the vertical direction 1n a real area that 1s
composed of the effective pixel area, the vertical light-
shielded area, and the vertical dummy area, and luminance
signals outside the real area include empty transfer signals
that do not correspond to any portion of the real area, wherein
the correction value calculating step calculates, as the correc-
tion value, (a) a difference between values of (1) a luminance




US 7,483,063 B2

7

signal corresponding to a position on the correction-target
vertical line within a vertical light-shielded area that 1s out-
side an eflective pixel area and (11) a luminance signal corre-
sponding to a position on another vertical line, that 1s not a
correction target, within the vertical light-shielded area, (b)a 5
difference between values of (111) a value of a luminance
signal corresponding to a position on the correction-target
vertical line within a vertical dummy area that does not have
any light-sensitive element and (1v) a luminance signal cor-
responding to a position on another vertical line, that 1s nota 10
correction target, within the vertical dummy area, (c) a dii-
ference between values of (v) a value of an empty transfer
signal corresponding to a position on the correction-target
vertical line and (vi1) a value of an empty transfer signal
corresponding to a position on another vertical line, or (d) a 15
difference between (vi1) a value obtained by performing a
calculation using values of at least two of (vii-1) the lumi-
nance signal corresponding to a position on the correction-
target vertical line within the vertical light-shielded area,
(vi1-2) the luminance signal corresponding to a position on 20
the correction-target vertical line within the vertical dummy
area, and (vi1-3) the empty transfer signal corresponding to a
position on the correction-target vertical line and (vii) a value
obtained by performing a calculation using values of at least
two of (vi1-1) the luminance signal corresponding to a posi- 25
tion on another vertical line within the vertical light-shielded
area, (vi11-2) the luminance signal corresponding to a position
on another vertical line within the vertical dummy area, and
(vi11-3) the empty transier signal corresponding to a position
on another vertical line. 30

(E-03) With the above-mentioned constructions, 1t 1s pos-
sible to calculate a correction value using empty transfer
signals. This enables a correction value to be calculated 1n a
stable manner without being afiected by the shot image,
increasing the accuracy of the correction. 35

It 1s also possible to remove only the errors due to the
fluctuation 1n the time domain without the influence 1n the
space domain, by averaging a plurality of empty transfer
signals.

As understood from this, use of empty transfer signals 1n 40
the calculation of a correction value provides prominent
advantageous effects.

(C-11) In the above-described image defect correction
apparatus of (C-07), the correcting unit may correct values of
luminance signals corresponding to the correction-target ver- 45
tical line, based on the calculated difference 1n real time.

(E-04) With the above-mentioned construction, it 1s pos-
sible to perform the correction 1n real time, which increases
the accuracy of the correction since the correction 1s not
influenced by changes in the temperature or changes over 50
time.

(C-12) In the above-described image defect correction
apparatus of (C-11), the recording unit may further record
therein a y address for identifying a position of the point
defect on the correction-target vertical line, and the correction 55
value calculating unit operable to calculate either (a) (a-1) a
first difference between values of (1) a luminance signal cor-
responding to an upper vertical light-shielded area that 1s
placed higher than the effective pixel area on a screen and
being on the correction-target vertical line and (11) a lumi- 60
nance signal corresponding to the upper vertical light-
shielded area and being on another vertical line that 1s not a
correction target and (a-2) a second difference between val-
ues of (1) a luminance signal corresponding to a lower vertical
light-shielded area that 1s placed lower than the effective pixel 65
area on a screen and being on the correction-target vertical
line and (11) a luminance signal corresponding to the lower
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vertical light-shielded area and being on another vertical line
that 1s not a correction target, or (b) (b-1) a third difference
between values of (1) a luminance signal corresponding to an
upper vertical dummy area that 1s placed higher on a screen
and being on the correction-target vertical line and (11) a
luminance signal corresponding to the upper vertical dummy
area and being on another vertical line that 1s not a correction
target and (b-2) a fourth difference between values of (1) a
luminance signal corresponding to a lower vertical dummy
area that 1s placed lower on a screen and being on the correc-
tion-target vertical line and (1) a luminance signal corre-
sponding to the lower vertical dummy area and being on
another vertical line that 1s not a correction target, and the
correcting unit performs the correction by subtracting the
calculated first or third difference from each luminance signal
corresponding to a portion of the correction-target vertical
line that 1s higher than the recorded Y address, and by sub-
tracting the calculated second or fourth difference from each
luminance signal corresponding to a portion of the correc-
tion-target vertical line that 1s lower than the recorded Y
address.

(E-05) With the above-mentioned construction, 1t 1s pos-
sible to calculate a difference value 1n correspondence with
the upper or lower vertical light-shielded area or the upper or
lower vertical dummy area, independently, and use the cal-
culated difference value 1n the correction. This makes 1t pos-
sible to deal with a case where the required amount of cor-
rection in the upper portion differs from that in the lower
portion.

(C-13) In the above-described 1image defect correction
apparatus of (C-11), the recording unit may further record
theremn a Y address for identifying a position of the point
defect on the correction-target vertical line, and the correction
value calculating unit operable to calculate either (a) (a-1) a
first difference between values of (1) a luminance signal cor-
responding to an upper vertical light-shielded area that 1s
placed higher than the effective pixel area on a screen and
being on the correction-target vertical line and (1) a lumi-
nance signal corresponding to the upper vertical light-
shielded area and being on another vertical line that 1s not a
correction target, or (a-2) a second difference between values
of (1) a luminance signal corresponding to a lower vertical
light-shielded area that 1s placed lower than the effective pixel
area on a screen and being on the correction-target vertical
line and (11) a luminance signal corresponding to the lower
vertical light-shielded area and being on another vertical line
that 1s not a correction target, or (b) (b-1) a third difference
between values of (1) a luminance signal corresponding to an
upper vertical dummy area that 1s placed higher on a screen
and being on the correction-target vertical line and (11) a
luminance signal corresponding to the upper vertical dummy
area and being on another vertical line that 1s not a correction
target, or (b-2) a fourth difference between values of (1) a
luminance signal corresponding to a lower vertical dummy
area that 1s placed lower on a screen and being on the correc-
tion-target vertical line and (1) a luminance signal corre-
sponding to the lower vertical dummy area and being on
another vertical line that 1s not a correction target, and the
correcting unit obtains, by a predetermined calculation, either
the first or second difference not having been calculated, from
either the first or second difference having been calculated,
and obtains, by a predetermined calculation, either the third
or fourth difference not having been calculated, from either
the third or fourth difference having been calculated, and the
correcting unit performs the correction by subtracting the
calculated first or third difference from each luminance signal
corresponding to a portion of the correction-target vertical
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line that 1s higher than the recorded Y address, and by sub-
tracting the calculated second or fourth difference from each
luminance signal corresponding to a portion of the correc-
tion-target vertical line that 1s lower than the recorded Y
address.

(E-06) With the above-mentioned construction, it 1s pos-
sible to calculate a difference value 1n correspondence with
the upper or lower vertical light-shielded area or the upper or
lower vertical dummy area, independently, then calculate a
difference value of the other corresponding portion, correct
the upper and lower portions independently. This makes 1t
possible to deal with a case where the required amount of
correction in the upper portion differs from that in the lower
portion.

(C-14) In the above-described image defect correction
apparatus of (C-13), the correcting unit, when a still image 1s
shot, may obtain, by a calculation using a conversion equation
that 1s based on a ratio between a transfer time 1n a high-speed
sweeping emission and a normal transier time, either the first
or second diflerence not having been calculated, from either
the first or second difference having been calculated, and
obtains, by the calculation using the conversion equation,
either the third or fourth difference not having been calcu-
lated, from either the third or fourth difference having been
calculated.

(E-07) With the above-mentioned construction, 1t 1s pos-
sible to obtain a difference value corresponding to the high-
speed sweeping emission, from a difference value corre-
sponding to the normal transfer. It 1s therefore possible to deal
with a case where all pixels are emitted by the high-speed
sweeping emission immediately before a still image 1s shot.

(C-15) In the above-described image defect correction
apparatus of (C-11), the recording unit may further record
thereimn a Y address for identifying a position of the point
defect on the correction-target vertical line, and the correction
value calculating unit operable to calculate either (a) (a-1) a
difference between values of (1) a luminance signal corre-
sponding to an upper vertical light-shielded area that 1s placed
higher than the eflective pixel area on a screen and being on
the correction-target vertical line and (11) a luminance signal
corresponding to the upper vertical light-shielded area and
being on another vertical line that 1s not a correction target, or
(a-2) a difference between values of (1) a luminance signal
corresponding to a lower vertical light-shielded area that 1s
placed lower than the effective pixel area on a screen and
being on the correction-target vertical line and (11) a lumi-
nance signal corresponding to the lower vertical light-
shielded area and being on another vertical line that 1s not a
correction target, or (b) (b-1) a diflerence between values of
(1) a luminance signal corresponding to an upper vertical
dummy area that 1s placed higher on a screen and being on the
correction-target vertical line and (11) a luminance signal cor-
responding to the upper vertical dummy area and being on
another vertical line that 1s not a correction target, or (b-2) a
difference between values of (1) a luminance signal corre-
sponding to a lower vertical dummy area that 1s placed lower
on a screen and being on the correction-target vertical line and
(11) a luminance signal corresponding to the lower vertical
dummy area and being on another vertical line that 1s not a
correction target, where the calculated difference corre-
sponds to a normal transfer time, and the correcting unit,
when a blur-by-hand correction function 1s performed,
obtains a difference corresponding to a high-speed sweeping
emission by converting the calculated ditlerence correspond-
ing to the normal transier time using a ratio between a transier
time 1n the high-speed sweeping emission and the normal
transier time, obtains the number of pixels that are outside the
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clfective pixel area and emitted 1n the high-speed sweeping
emission, and performs the correction by subtracting the cal-
culated difference corresponding to the normal transfer time
from each value of luminance signals that are among the
luminance signals corresponding to the correction-target ver-
tical line, excluding as many luminance signals adjacent to a
pixel of the recorded Y address as the number of pixels emit-
ted 1n the high-speed sweeping emission, and by subtracting
the calculated difference corresponding to the high-speed
sweeping emission from each value of luminance signals that
are among the luminance signals corresponding to the cor-
rection-target vertical line and are as many luminance signals
adjacent to the pixel of the recorded Y address as the number
of pixels emitted 1in the high-speed sweeping emission.

(E-08) With the above-mentioned construction, 1t 1s pos-
sible to obtain a difference value corresponding to the high-
speed sweeping emission, from a difference value corre-
sponding to the normal transfer. It 1s therefore possible to
correct luminance signals using the two difference values
appropriately. It 1s therefore possible to deal with a case
where pixels are emitted partially by the high-speed sweeping
emission during the performance of a function that prevents
resolution from deteriorating, such as the blur-by-hand cor-
rection function.

(C-16) In the above-described 1mage defect correction
apparatus of (C-01), the recording unit may further record
thereimn a Y address for identifying a position of the point
defect on the correction-target vertical line, and the correcting
unit further obtains a converted correction value by convert-
ing the calculated correction value based on a ratio between a
normal transier time and a time during which a transfer of
luminance values 1s stopped, and the correcting unit corrects
a value of the point defect identified by the recorded X
address and Y address, based on the converted correction
value.

(E-09) With the above-mentioned construction, 1t 1s pos-
sible to calculate, from the calculated difference, a correction
value for a luminance signal corresponding to the point
defect. This enables the luminance signal corresponding to
the point defect to be corrected appropriately.

(C-17) The above-described image defect correction appa-
ratus of (C-01) may further comprise a point defect detecting,
unit operable to, prior to an 1mage shooting, detect point
defects 1n the vertical charge coupled devices by stopping
transferring luminance signals from the light-sensitive ele-
ments to the vertical charge coupled devices and also stop-
ping a vertical transfer from the vertical charge coupled
devices to the horizontal charge coupled device for a prede-
termined time period, and then outputting luminance signals,
where output luminance signals having values not higher than
a predetermined value are regarded as the point defects, and
the point defect detecting unit records 1nto the recording unit
information regarding addresses of the detected point defects.

(C-18) The above-described 1mage defect correction
method of (C-02) may further comprise a point defect detect-
ing step for, prior to an i1mage shooting, detecting point
defects 1n the vertical charge coupled devices by stopping
transferring luminance signals from the light-sensitive ele-
ments to the vertical charge coupled devices and also stop-
ping a vertical transfer from the vertical charge coupled
devices to the horizontal charge coupled device for a prede-
termined time period, and then outputting luminance signals,
where output luminance signals having values not higher than
a predetermined value are regarded as the point defects, and
the point defect detecting step records into the recording unit
information regarding addresses of the detected point defects.
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(E-10) With the above-mentioned construction, 1t 1s pos-
sible to detect point defects that exist in the vertical CCDs. It
1s therefore possible to deal with a case where the number of
point defects has increased during a predetermined period,
and a case where the number of point defects has changed due
to a change 1n the operation environment.

(C-19) In the above-described image defect correction
apparatus ol (C-01), the correcting umit may judge, for each
luminance signal to be corrected, whether a luminance signal
1s saturated, and may not correct luminance signals that are
judged to be saturated.

(E-11) With the above-mentioned construction, luminance
signals are not corrected 1t 1t 1s judged, before an attempted
correction, that the luminance signals are saturated. This pre-
vents an excessive correction.

(C-20) In the above-described image defect correction
apparatus ol (C-01), the correcting unit may judge, for each
luminance signal to be corrected, whether luminance signals
surrounding the luminance signal to be corrected are satu-
rated, and does not correct the luminance signal to be cor-
rected 11 the luminance signals surrounding the luminance
signal are judged to be saturated.

(E-12) With the above-mentioned construction, a lumi-
nance signal 1s not corrected 11 1t 1s judged that the luminance
signals surrounding the luminance signal are saturated. This
prevents an excessive correction.

(C-21) In the above-described image defect correction
apparatus ol (C-01), the correcting unit may, for each lumi-
nance signal to be corrected, judge whether a luminance
signal 1s saturated, calculate an expected value which a satu-
rated luminance signal 1s expected to have 1 a correction 1s
made, compare the expected value with a value of a lumi-
nance signal 1 a vicinity of the saturated luminance signal,
and replace the value of the saturated luminance signal with
the value of the luminance signal in the vicinity 1f the
expected value of the saturated luminance signal 1s lower than
the value of the luminance signal 1n the vicinity.

(E-13) With the above-mentioned construction, the value
of a luminance signal 1s replaced with a value of a surround-
ing luminance signal 1f the luminance signal to be corrected 1s
saturated and 11 1t 1s expected that 11 the correction 1s made, the
value of the luminance signal would be smaller than the value
of the surrounding luminance signal. This prevents an exces-
s1ve correction.

(C-22) The above-described image defect correction appa-
ratus of (C-01) may further comprise: a mode selecting unit
operable to select a standard mode or a mix mode, wherein 1n
the standard mode, a luminance signal 1s output 1n correspon-
dence with an electric charge output from each light-sensitive
clement, and 1n the mix mode, a luminance signal 1s output 1n
correspondence with a mixture of electric charges output
from a predetermined number of light-sensitive elements; an
address representation converting unit operable to convert
address representation for the standard mode into address
representation for the mix mode if the mix mode 1s selected;
and an address converting unmit operable to convert the
recorded X address into a converted X address by performing
a calculation using a predetermined conversion equation on
the recorded X address, wherein the converted X address
conforms to the address representation for the mix mode and
identifies the correction-target vertical line corresponding to
the point defect, wherein the correction value calculating unit
and the correcting unit use the converted X address instead of
the X address 11 the mix mode 1s selected.

(E-14) With the above-mentioned construction, it 1s pos-
sible to deal with the mix mode 1n which a luminance signal
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1s output in correspondence with a mixture of electric charges
output from a predetermined number of light-sensitive ele-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the construction of an 1maging system in
Embodiment 1 of the present invention.

FIG. 2A 1s a schematic view of transier pulses observed
during the vertical transfer performed by the vertical CCDs 1n
the movie mode.

FIG. 2B 1s a schematic view of an image displayed 1n the
movie mode without a correction of defects.

FIG. 2C 1s a schematic view of an image displayed 1n the
movie mode after the defects are corrected.

FIG. 3A 1s a schematic view of transier pulses observed
during the vertical transfer performed by the vertical CCDs 1n
the still mode.

FIG. 3B 1s a schematic view of an image displayed 1n the
still mode without a correction of defects.

FIG. 3C 1s a schematic view of an image displayed 1n the
still mode after the defects are corrected.

FIG. 4 shows a procedure for detecting a point defect in the
vertical CCDs of the imaging system in Embodiment 1 of the
present invention.

FIG. § shows a procedure for a first image shooting opera-
tion performed by the imaging-system 1n Embodiment 1 of
the present invention.

FIG. 6 shows a procedure for a second 1mage shooting
operation performed by the imaging system 1n Embodiment 1
ol the present invention.

FIG. 7 shows the construction of an 1maging system 1n
Embodiment 2 of the present invention.

FIG. 8A 1s a schematic view of transier pulses observed
during the vertical transier performed by the vertical CCDs
when the blur-by-hand correction function 1s performed.

FIG. 8B 1s a schematic view of an image without a correc-
tion of defects displayed when the blur-by-hand correction
function 1s performed.

FIG. 8C 1s a schematic view of an 1image displayed after the
defects are corrected when the blur-by-hand correction func-
tion 1s performed.

FIG. 9 shows a procedure for an image shooting operation
when the blur-by-hand correction function 1s performed, by
the 1maging system in Embodiment 2 of the present invention.

FIG. 10 shows the construction of an 1imaging system 1n
Variation 1 of the present invention.

L1
vy

ERRED

DESCRIPTION OF THE PR.
EMBODIMENT

Embodiment 1

<QOutline>

The imaging system of Embodiment 1, prior to an image
shooting, detects point defects 1n the vertical CCDs by stop-
ping transierring luminance signals from the light-sensitive
clements to the vertical CCDs and stopping the vertical trans-
fer for a predetermined time period and then outputting lumi-
nance signals, and during an 1mage shooting, calculates a
difference between values of luminance signals correspond-
ing to a “vertical non-effective area”, which 1s (1) a vertical
light-shielded area that 1s outside an effective pixel area or (11)
a dummy area that does not have any light-sensitive element,
and subtracts the calculated difference from each luminance
signal corresponding to the correction-target vertical line.
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This eliminates the influence of the dark current generated
with the presence of a point defect 1n a vertical CCD, and
makes the white vertical line in the displayed image less
prominent.

<Construction>

FIG. 1 shows the construction of an 1maging system in
Embodiment 1 of the present invention.

As shown 1n FIG. 1, the imaging system in Embodiment 1,
which 1s embedded 1n an 1imaging apparatus such as a video
camera or a digital still camera, receives light, allows the
received light to pass through a lens to form an 1mage by
focusing, performs a light-to-electric conversion on the
formed 1mage, and outputs electric signals as the image infor-
mation. The 1mmaging system includes a solid-state 1mage
sensing device 1, a signal processing unit 2, and a driving unit
3.

The solid-state image sensing device 1, when driven by the
driving unit 3 for an image shooting, allows light to pass
through a lens (not 1llustrated) and reach two-dimensionally
arranged light-sensitive elements, which convert the recerved
light to electric signals that indicate luminance levels. From
the light-sensitive elements, luminance signals are trans-
terred to vertical CCDs (Charge Coupled Devices) and then
output to the signal processing unit 2 via a horizontal CCD.

It should be noted here that although 1n the present embodi-
ment, one horizontal CCD 1s used, a plurality of horizontal
CCDs may be used instead.

After recerving light, each light-sensitive element outputs a
voltage that 1s proportionate to the amount of the received
light. It 1s supposed here that the standard output of the output
voltage 1s approximately 350 mV to 70 mV and the maximum
output 1s approximately 700 mV Lo 1500 mV.

It should be noted here that the standard output 1s a voltage
output when a standard 1mage with a predetermined lumi-
nance level 1s shot.

As shown 1n FIG. 1, the solid-state image sensing device 1
includes: two-dimensionally arranged light-sensitive ele-
ments 11 which are achieved by photodiodes or the like; a
plurality of vertical CCDs 12; and a horizontal CCD 13. The
solid-state image sensing device 1 outputs luminance signals
to the signal processing unit 2 as follows. All luminance
signals generated during a field as a result of light-to-electric
conversion by the light-sensitive elements 11 are transferred
to the vertical CCDs 12 all at once within the field, where the
field 1s a predetermined time period. Then each vertical CCD
12 transiers one luminance signal to the horizontal CCD 13,
which may be referred to as a vertical transier. In other words,
as many luminance signals as the number of vertical CCDs
are transierred to the horizontal CCD 13 at one vertical trans-
ter, and then are output to the signal processing unit 2. This 1s

repeated as many times as the number of luminance signals
held by each vertical CCD.

Here, the output of the luminance signals will be described
in more detail by taking, as an example, a solid-state 1mage
sensing device that has a 120,000 pixel resolution (300 ver-
tical pixels by 400 horizontal pixels). The example includes
120,000 light-sensitive elements 11, 400 vertical CCDs 12,
and one horizontal CCD 13. The address of each pixel i1s
represented by (X address, Y address)=(n, m). The pixel
addresses correspond to the light-sensitive elements 11 on a
one-to-one basis. The X address “n” takes a value ranging
from “0” to “399”, and the Y address “m” takes a value
ranging from “0” to “299”. In a plane 1n which the pixels are
arranged, the X address “n” increases as the pixel position
moves from left to right, and the Y address “m™ increases as
the pixel position moves from top to bottom. Accordingly, the
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upper-lett pixel 1s represented as (0, 0), and the lower-right
pixel 1s represented as (399, 299). In vertical transfers, the
first transter from the vertical CCDs to the horizontal CCD
includes 400 luminance signals for pixels (0, 0), (1, 0), . . .
(399, 0) on the same horizontal line. The second transfer
includes luminance signals forpixels (0,1),(1,1),...(399,1)
on the same horizontal line. Transfers continue in a similar
manner, and the last transier includes luminance signals (O,
299), (1, 299), ... (399, 299) on the same horizontal line.

The signal processing unit 2, which includes an analog
signal processing unit (hereinatter referred to as CDS) 21, an
analog-to-digital conversion unit (hereinafter referred to as
A/D) 22, and a digital signal processor (DSP) 23, 1ssues a
driving instruction to the driving unit 3, receives luminance
signals output from the solid-state 1mage sensing device 1,
processes the recerved luminance signals, and outputs image
information to outside.

The driving unit 3 drives the solid-state 1mage sensing
device 1 1n accordance with a driving instruction 1ssued by the
signal processing unit 2.

The CDS 21 removes noise from the luminance signals
output from the solid-state 1mage sensing device 1, and
amplifies the luminance signals.

It 1s supposed here that an amplification ratio of the lumi-
nance signal 1s set based on the standard output of the solid-
state image sensing device 1 so that the standard output of the
amplified luminance signal 1s 700 mV and ranges from 0 mV
to 1500 mV. For example, when the standard output of the
luminance signal from the solid-state image sensing device 1
1s 350 mV, the amplification ratio 1s set to two times, and when
the standard output of the luminance signal from the solid-
state image sensing device 11s 700 mV, the amplification ratio
1s set to one time.

The A/D22 converts the amplified analog luminance sig-
nals output from the CDS 21 into digital luminance signals,
and outputs the digital luminance signals.

It 1s supposed here that the A/D 22 converts the analog
luminance signals ranging from O mV to 1400 mV into 10-bat
digital luminance signals having values ranging from “0” to
“1023”.

The DSP 23 generates image information by performing
digital processing on the digital luminance signals output

from the A/D 22.

As shown 1 FIG. 1, the DSP 23 includes a point defect
detecting unit 24, an address recording unit 25, a correction
value calculating unit 26, and a correcting unit 27.

The point defect detecting unit 24 detects point defects 1n
the vertical CCDs 12 prior to an 1image shooting. This will be
described 1n more detail. The point defect detecting unit 24
first drives the driving unit 3 so that the solid-state 1mage
sensing device 1 stops transierring luminance signals from
the light-sensitive elements 11 to the vertical CCDs 12 and
also stops the vertical transter from the vertical CCDs 12 to
the horizontal CCD 13 for a predetermined time period. The
point defect detecting unit 24 then allows the solid-state
image sensing device 1 to output luminance signals, and
searches, among digital luminance signals recerved from the
A/D 22 1n correspondence with the output analog luminance
signals, for luminance signals that have values exceeding a
predetermined value (hereimafiter, such values exceeding the
predetermined value are referred to as extra-high values).
Detection of such luminance signals with extra-high values
indicates the presence of a point defect 1n the vertical CCDs
12.

The above-mentioned predetermined time period for
which the vertical transfer 1s stopped by the point defect
detecting unit 24 1s calculated as follows. It 1s supposed here
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that a normal transfer time 1n vertical CCDs for one pixel 1s
100 us. It 1s also supposed here that 1f not less than 1% of
extra-high values are included 1n the output luminance sig-
nals, 1t 1s judged that the extra-high values are caused by a
point defect 1n a vertical CCD. Then, the predetermined time
period for which the vertical transfer 1s stopped 1s calculated
as follows.

(Standard transfer time for one pixel)/(percentage
extra-high values)=100 us/1% (1/100)=10 ms

The address recording unit 25 records, 1n 1tself, addresses
ol point defects detected by the point defect detecting unit 24.

It should be noted here that the point defect detecting unit
24 may detect point defects before or after an 1image shooting.
However, 11 there 1s a time-lag between the user’s operation
for starting an 1mage shooting and an actual image shooting,
the user might feel that the imaging apparatus 1s not easy to
use. As a result, 1t 1s preferable that the detection of a point
defect 1s not performed immediately before an 1image shoot-
ing, and, for example, the point defect detecting unit 24
detects a point defect and records the address of the point
defect immediately after the user switches ofl the main power
or stops an 1mage shooting.

In the following description, i1t 1s presumed that a point
defect A has an address (100, 100) and a point defect B has an

address (300, 200).

The correction value calculating unit 26 calculates a dii-
ference between values of (1) a luminance signal that corre-
sponds to a predetermined position on a correction-target
vertical line that 1s identified by an X address recorded by the
address recording unit 25 and (1) a luminance signal that
corresponds to a predetermined position on another vertical
line around the correction-target vertical line, and sets the
calculated difference as a correction value to be used for
correcting the correction-target vertical line.

More specifically, the correction value calculating unit 26
calculates, during an image shooting, a difference between
values of (1) a luminance signal that corresponds to the cor-
rection-target vertical line and the “upper vertical non-eifec-
tive area” and (11) a luminance signal that corresponds to a
predetermined position on another vertical line around the
correction-target vertical line and the “upper vertical non-
elfective area”, and a difference between values of (1) a lumi-
nance signal that corresponds to the correction-target vertical
line and the “lower vertical non-effective area” and (11) a
luminance signal that corresponds to a predetermined posi-
tion on another vertical line around the correction-target ver-
tical line and the “lower vertical non-effective area™.

It should be noted here that the “non-effective areas™ are
areas ol the screen outside an effective pixel area or dummy
areas that do not have any light-sensitive element. Of these,
upper and lower areas of the screen outside the effective pixel
area are referred to as “vertical non-eflective areas”, and of
these, the non-effective area located at the upper area of the
screen 1s referred to as the “upper vertical non-effective area”
and the non-effective area located at the lower area of the
screen 1s referred to as the “lower vertical non-effective area”.
Also, non-etfective areas located at both sides of the screen
are referred to as “horizontal non-effective areas”.

In the present embodiment, it 1s presumed that the upper
vertical non-effective area ranges from (0, 0) to (399, 4), and
that the lower vertical non-effective area ranges from (0, 295)
to (399, 299). On this presumption, 1in regards with the point
defect A (100, 100) that 1s 1n a vertical sequence of pixels
ranging from (100, 0) to (100, 299) which the correction-
target vertical line corresponds to, the correction value calcu-
lating unit 26 calculates a difference al between values of (1)
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a luminance signal of pixel (100, 2) that 1s on the correction-
target vertical line and 1s within the upper vertical non-effec-
tive area aid (11) a luminance signal of pixel (99, 2) or (101, 2)
that 1s on another vertical line around the correction-target
vertical line and 1s within the upper vertical non-effective
area, and a difference o2 between values of (1) a luminance
signal of pixel (100, 297) that 1s on the correction-target
vertical line and 1s within the lower vertical non-efiective area
and (11) a luminance signal of pixel (99, 297)or (101, 297) that
1s on another vertical line around the correction-target vertical
line and 1s within the lower vertical non-effective area. Simi-
larly, 1n regards with the point defect B (300, 200) that1s1n a
vertical sequence of pixels ranging from (300, 0) to (300, 299)
which the correction-target vertical line corresponds to, the
correction value calculating unit 26 detects a difference {31
between values of (1) a luminance signal of pixel (300, 2) that
1s on the correction-target vertical line and 1s within the upper
vertical non-effective area and (11) a luminance signal of pixel
(299, 2) or (301, 2) that 1s on another vertical line around the
correction-target vertical line and 1s within the upper vertical
non-elfective area, and a difference p2 between values of (1)
a luminance signal of pixel (300, 297) that 1s on the correc-
tion-target vertical line and 1s within the lower vertical non-
elfective area and (11) a luminance signal of pixel (299, 297) or
(301, 297) that 1s on another vertical line around the correc-
tion-target vertical line and 1s within the lower vertical non-
clfective area.

It should be noted here that although in the present
example, the correction value calculating unit 26 calculates a
difference between values of a luminance signal correspond-
ing to the correction-target vertical line and a luminance
signal corresponding to another vertical line around the cor-
rection-target vertical line, the correction value calculating
unit 26 may calculate a difference between (1) a value (for
example, an average value) obtained from a plurality of lumi-
nance signals corresponding to the correction-target vertical
line and (1) a value (for example, an average value) obtained
from a plurality of luminance signals corresponding to
another vertical line around the correction-target vertical line.

Also, 1t should be noted here that although 1n the present
example, the correction value calculating unit 26 calculates,
during an 1mage shooting, a difference between values of
luminance signals corresponding to a vertical non-effective
area, the correction value calculating unit 26 may, prior to an
image shooting, calculate and hold a difference between val-
ues ol luminance signals corresponding to predetermined
positions (for example, centers, upper ends, or lower ends) of
the correction-target vertical line and another vertical line
around the correction-target vertical line, by transferring only
related luminance signals from light-sensitive elements to the
vertical CCDs and performing the vertical transfer in the
same manner as 1n 1image shooting.

It should also be noted here that although 1n the present
example, the correction value calculating unit 26 calculates,
as a correction value, a difference between values of lumi-
nance signals. However, the correction value calculating unit
26 may detect a value of contrast that 1s a ratio between values
of luminance signals, and use the contrast value as the cor-
rection value in the succeeding correction process.

The correcting unmit 27 corrects values of luminance signals
corresponding to the correction-target vertical line by sub-
tracting a difference, which 1s calculated by the correction
value calculating unit 26, from each value of luminance signal
corresponding to the correction-target vertical line.

In the present embodiment, the correcting unit 27 corrects
values of luminance signals corresponding to the correction-
target vertical line using a different correction value for each




US 7,483,063 B2

17

ol two portions of the correction-target vertical line that are
upper and lower than a detected point defect, respectively.
That 1s to say, the correcting unit 27 corrects values of lumi-
nance signals for the upper portion of the correction-target
vertical line using a difference between values of luminance
signals within the upper vertical non-eflective area, and cor-
rects values of luminance signals for the lower portion of the
correction-target vertical line using a difference between val-
ues of luminance signals within the lower vertical non-effec-
tive area.

More specifically, in regards with the point defect A (100,
100), the correcting unit 27 corrects values of luminance
signals for pixels (100, 0) to (100, 99) corresponding to the
upper portion of the correction-target vertical line, by sub-
tracting value a1 from each luminance signal value of the 100
pixels, and corrects values of luminance signals for pixels
(100, 101)to (100, 299) corresponding to the lower portion of
the correction-target vertical line, by subtracting value o2
from each luminance signal value of the 199 pixels. Also, 1n
regards with the point defect B (300,200), the correcting unit
277 corrects values of luminance signals at (300, 0) to (300,
199) corresponding to the upper portion of the correction-
target vertical line, by subtracting value 31 from each lumi-
nance signal value of the 200 pixels, and corrects values of
luminance signals for pixels (300, 201) to (300, 299) corre-
sponding to the lower portion of the correction-target vertical
line, by subtracting value P2 from each luminance signal
value of the 99 pixels.

When the correcting unit 27 uses a value of ratio mstead of
difference during the correction process the luminance signal
may be multiplied or divided by a value of ratio, mstead of
subtracting a difference from a luminance signal, so that the
luminance signal 1s decreased.

The correcting unit 27 may store a predetermined equation
and use the equation during the correction process. The pre-
determined equation may correspond to changes 1n the opera-
tion environment such as the temperature or to changes 1n the
values of correction-target luminance signals. The predeter-
mined equation may be created beforehand based on mea-
surement or logic.

The reason why 1n the present embodiment, the correcting
unit 27 uses different correction values for the upper and
lower portions of the correction-target vertical line 1s that
with this construction, 1t 1s possible to deal with a case where
different amounts of extra-high values are output 1n corre-
spondence with the upper and lower portions of the correc-
tion-target vertical line. For example, when a high-speed
sweeping emission of electric charges 1s performed immedi-
ately before the transfer of luminance signals from the light-
sensitive elements to the vertical CCDs, a less amount of
extra-high values are output in correspondence with the upper
portion than 1n correspondence with the lower portion of the
correction-target vertical line.

Also, the correction value calculating unit 26 may calculate
a difference between values for either the upper or lower
portion of the correction-target vertical line, and the correct-
ing unit 27 may obtain a difference for the other portion by
performing a certain calculation. Furthermore, when the
same amount of extra-high values are output for both the
upper and lower portions of the correction-target vertical line,
the correction value calculating umit 26 may calculate a dii-
terence between values for either the upper or lower portion,
and the correcting unit 27 may use the difference for both the
upper and lower portions.

More particularly, provided that the transier time during
the high-speed sweeping emission 1s 10 us, the following
equation holds:
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transfer time during high-speed sweeping emission)/
g N1gn-sp pig
(normal transfer time)"=10 ps/100 us=1/10.

Also, since the amount of extra-high values output 1n cor-
respondence with the upper portion 1s one half the amount of
extra-high values output in correspondence with the lower
portion, the following equation holds 1n the case of shooting
a still 1mage:

alx10=a2

B1x10=R2.

As aresult, 1t 1s possible to calculate first a difference between
values for either the upper or lower portion, then calculate a
difference between values for the other portion based on the
above-described equations. Also, 1n the case of shooting a
video 1image, since the same amount of extra-high values are
output for the upper and lower portions, a difference between
values calculated for erther the upper or lower portion can be
used for correcting the values of luminance signals corre-
sponding to both portions.

The correcting unit 27 further obtains a correction value for
a pixel at a point defect by multiplying a difference calculated
by the correction value calculating unit 26 by a predetermined
value, and corrects a luminance signal of the pixel at the point
defect using the obtained correction value.

More specifically, provided that the predetermined time
period for which the transier of luminance signals from the
light-sensitive elements to the vertical CCDs 1s stopped dur-
ing an 1mage shooting 1s 200 us, the predetermined value used
for multiplying the difference calculated by the correction
value calculating unit 26 1s obtained as follows:

Predetermined value for multiplication=(transfer stop

period)/(normal transfer time per pixel)=200
1s/100 us=2.

As a result, the correcting unit 27 corrects the luminance
signal corresponding to the point defect A (100, 100) by
subtracting .2 multiplied by 2 from the value of the lumi-
nance signal at the point defect A (100, 100), and corrects the
luminance signal corresponding to the point defect B (300,
200) by subtracting 32 multiplied by 2 from the value of the
luminance signal at the point defect B (300, 200).

Meanwhile, 1n the present embodiment, luminance signals
having values not smaller than a predetermined luminance
value are judged to be “saturated”. For example, 11 a lumi-
nance signal output from the A/D 22 has a value “1023”, the
luminance signal 1s judged to be saturated.

The correcting unit 27 may perform the following for the
purpose of avoiding an excessive correction. That 1s to say, the
correcting unit 27 may judge whether a luminance signal to be
corrected 1s saturated, and may not correct the luminance
signal 11 1t 1s judged to be saturated. Also, the correcting unit
27 may not correct a luminance signal if luminance signals
around the luminance signal are saturated. Also, the correct-
ing unit 27 may judge, for each of a plurality of luminance
signals to be corrected, whether the luminance signal 1s satu-
rated, calculates an expected luminance value which a satu-
rated luminance signal 1s expected to have 11 the correction 1s
made, compare the expected luminance value with a value of
a luminance signal around the luminance signal of the
expected luminance value, and 1f the expected luminance
value 1s smaller than the value of the luminance signal around
the luminance signal of the expected luminance value, may
replace the value of the luminance signal of the expected
luminance value with the value of the luminance signal
around the-luminance signal, instead of correcting.
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The driving unit 3 drives the solid-state 1image sensing
device 1 1n accordance with a driving instruction 1ssued by the
signal processing unit 2.

The dniving unit 3, together with the driving instruction,

20

vertical transfer from the vertical CCDs 12 to the horizon-
tal CCD 13 for a predetermined time period (step S2). It 1s
supposed here that after a high-speed sweeping emission 1s
performed, the vertical transfer 1s stopped for 10 ms.

recerves specification of amode that 1s either amoviemodeor 5 (3) The point defect detecting unit 24 then drives the driving

a still mode, and drives the solid-state image sensing device 1
in the specified mode.

The movie mode 1s a setting for shooting a video 1image,
and the still mode 1s a setting for shooting a still image.

FIG. 2A 1s a schematic view of transier pulses observed
during the vertical transfer performed by the vertical CCDs 1n
the movie mode.

FIG. 2B 1s a schematic view of an image displayed 1n the
movie mode without a correction of defects. FIG. 2C 15 a
schematic view of an 1image displayed in the movie mode
after the defects are corrected.

In the movie mode, the speed at which luminance signals
are vertically transferred 1s constant, and therefore the speed
at which luminance signals pass through a point defect i1s
constant. This enables luminance signals of a wvertical
sequence of pixels to have values that have been increased by
the same value. If the luminance signals having such
increased values are not corrected, an evenly bright vertical
line appears 1n the displayed image.

FIG. 3A 1s a schematic view of transier pulses observed
during the vertical transfer performed by the vertical CCDs 1n
the still mode.

FIG. 3B i1s a schematic view of an image displayed 1n the
still mode without a correction of defects. FIG. 3C 1s a sche-
matic view of an image displayed in the still mode after the
defects are corrected.

In the still mode, a high-speed sweeping emission 1s per-
tformed immediately before luminance signals are transferred
from the light-sensitive elements 11 to the vertical CCDs 12,
and therefore the speed at which luminance signals pass
through a point defect 1s not constant. More specifically, the
speed at which luminance signals of pixels higher than the
point defect pass through the point defect differs from the
speed at which luminance signals of pixels lower than the
point defect pass through the point defect. When this happens,
luminance signals of pixels higher and lower than the point
defect arc increased by different values. If the luminance
signals having such increased values are not corrected, a
vertical line that has two brightness levels appears 1n the
displayed image.

<Operation 1>
FI1G. 4 shows a procedure for detecting a point defect in the

vertical CCDs of the imaging system in Embodiment 1 of the

present invention.
The following describes the procedure for detecting a point
defect 1n the vertical CCDs.

(1) The imagiing system waits for the user to perform any
specific operation (step S1). More specifically, the imaging
system judges whether the user has performed any of (1)
switching off the main power and (11) stopping an image
shooting.

(2) If 1t 15 judged that the user has pertormed the operation of
switching off the-main power, the following operation 1n
the step S2 1s performed before the main power 1s turned
off; and 1f 1t 1s judged that the user has performed the
operation of stopping an image shooting, the following
operation 1n the step S2 1s performed after the image shoot-
ing 1s stopped. The point defect detecting unit 24 drives the
driving unit 3 so that the solid-state image sensing device 1
stops transierring luminance signals from the light-sensi-
tive elements 11 to the vertical CCDs 12 and also stops the
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unit 3 so that the solid-state image sensing device 1 outputs
luminance signals 1n the normal transfer (step S3).

(4) The CDS 21 removes noise from the luminance signals
output from the solid-state 1image sensing device 1, and
amplifies the luminance signals (step S4).

(5) The A/D 22 converts the amplified analog luminance
signals output from the CDS 21 mto digital luminance
signals, and outputs the digital luminance signals (step S5).

(6) The point defect detecting unit 24 searches, among digital
luminance signals received from the A/D22, for luminance
signals that have values not smaller than “511” that corre-

sponds to 700 mV (step S6).

(7) The address recording unit 25 records, 1n itself, addresses
of point defects detected by the point defect detecting unit
24 (step S7).

It 1s supposed here that the point defects A (100, 100) and

B (300, 200) are recorded.

<Operation 2>

FIG. 5 shows a procedure for a first image shooting opera-
tion performed by the imaging system in Embodiment 1 of the
present 1nvention.

In the first image shooting operation, a difference between
values of luminance signals 1s calculated for each of the upper
and lower vertical non-effective areas.

r

T'he following describes the procedure of the first image
shooting operation.

(1) The solid-state image sensing device 1 1s initialized, at the
power-ON or the like (step S11). The mitialization
includes, for example, emission of electric charges from
the light-sensitive elements 11, vertical CCDs 12, and hori-
zontal CCD 13 or the like.

(2) It 1s judged whether the system 1s 1n the movie mode or the
still mode (step S12).

(3) If 1t 15 judged that the system 1s in the movie mode, all
luminance signals generated during a field as a result of
light-to-electric conversion by the light-sensitive elements
11 are transferred to the vertical CCDs 12 all at once within
the field (step S13).

(4) In the case of the still mode, the system waits until the user
presses the shutter (step S14).

It should be noted here that in the step S14, until the shutter
1s pressed, a video image may be shot in the movie mode and
displayed on a Liquid Crystal Display monitor (not 1llus-
trated) of the main body of the imaging device.

(5) After the shutter 1s pressed, light passes through a lens
only for a predetermined time peried corresponding to the
set shutter speed, causing an 1image to be formed on the
light-sensitive elements 11, which then perferms the light-
to-electric conversion on the formed 1mage to generate

luminance signals (step S15).

(6) The high-speed sweeping emission 1s performed in
regards with all the pixels to emit electric charges from the
vertical CCDs 12 and horizontal CCD 13 (step S16).

(7) The luminance signals generated 1n step S15 are trans-
terred from the light-sensitive elements 11 to the vertical

CCDs 12 (step S17).

(8) Regardless of the movie mode or the still mode, the
solid-state 1image sensing device 1 outputs luminance sig-
nals 1n the normal transfer (step S18).
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(9) The CDS 21 removes noise from the luminance signals
output from the solid-state 1mage sensing device 1, and
amplifies the luminance signals (step S19).

(10) The A/D 22 converts the amplified analog luminance
signals output from the CDS 21 into digital luminance
signals, and outputs the digital luminance signals (step
S20).

(11) The correction value calculating unit 26 calculates a
difference between values of (1) a luminance signal that
corresponds to a correction-target vertical line that 1s 1den-
tified by an X address recorded by the address recording
unit 25, and the pixel being within the upper vertical non-
clfective area and (1) a luminance signal that corresponds
to another vertical line around the correction-target vertical
line and 1s within the upper vertical non-effective area. The
correction value calculating unit 26 also calculates a dii-
ference between values of (1) a luminance signal that cor-
responds to the correction-target vertical line and 1s within
the lower vertical non-effective area and (1) a luminance
signal that corresponds to another vertical line around the
correction-target vertical line and 1s within the lower ver-
tical non-effective area (step S21).

(12) The correcting unit 27 divides the correction-target ver-
tical line into the upper portion and the lower portion,
corrects values of luminance signals for the upper pertlen
of the correction-target vertical line using a difference
between values of luminance signals within the upper ver-
tical non-effective area, and corrects values of luminance
signals for the lower portion of the correction-target verti-
cal line using a difference between values of luminance
signals within the lower vertical non-effective area (step
S22).

(13) The correcting umt 27 obtains a correction value for a
pixel at a point defect by multiplying a difference calcu-
lated by the correction value calculating unit 26 by a pre-
determined value, corrects a luminance signal of the pixel
at the point defect using the obtained correction value,
outputs 1mage information to outside, and returns to step

S12 (step S23).

<Operation 3>
FIG. 6 shows a procedure for a second image shooting

operation performed by the imaging system in Embodiment 1

of the present invention.

In the second image shooting operation, the correction
value calculating unit 26 calculates a difference between val-
ues of luminance signals of pixels within the lower vertical
non-etfective area.

The following describes the procedure of the second image
shooting operation.

(1) The solid-state image sensing device 1 1s imitialized, at the
power-ON or the like (step S31). The mmitialization
includes, for example, emission of electric charges from
the light-sensitive elements 11, vertical CCDs 12, and hori-
zontal CCD 13 or the like.

(2) It1s judged whether the system 1s 1n the movie mode or the
still mode (step S32).

(3) If 1t 1s judged that the system 1s 1n the movie mode, all
luminance signals generated during each field as a result of

light-to-electric conversion by the light-sensitive elements
11 are transierred to the vertical CCDs 12 all at once within

the field (step S33).

(4) The solid-state image sensing device 1 outputs luminance
signals 1n the normal transter (step S34).

(5) The CDS 21 removes noise from the luminance signals
output from the solid-state image sensing device 1, and
amplifies the luminance signals (step S33).
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(6) The A/D 22 converts the amplified analog luminance
signals output from the CDS 21 into digital luminance
signals, and outputs the digital luminance signals (step
S36).

(7) The correction value calculating unit 26 calculates a dif-
ference between values of (1) a luminance signal that cor-
responds to a correction-target vertical line that 1s 1denti-
fied by an X address recorded by the address recording unit
25, and the pixel being within the lower vertical non-
elfective area and (11) a luminance signal that corresponds
to another vertical line around the correction-target vertical
line and 1s within the lower vertical non-etfective area (step
S37)

(8) The correcting unit 27 corrects values of luminance sig-
nals for both the upper and lower portions of the correction-
target vertical line using the difference calculated 1n step
S37, and jumps to step S48 (step S38).

(9) In the case of the still mode, the system waits until the user
presses the shutter (step S39).

It should be noted here that in the step S39, until the shutter
1s pressed, a video image may be shot in the movie mode and
displayed on a Liquid Crystal Display monitor (not 1llus-
trated) of the main body of the imaging apparatus.

(10) After the shutter 1s pressed, light passes through a lens
only for a predetermined time peried corresponding to the
set shutter speed, causing an 1image to be formed on the
light-sensitive elements 11, which then perferms the light-
to-electric conversion on the formed 1mage to generate
luminance signals (step S40).

(11) The high-speed sweeping emission 1s performed 1in
regards with all the pixels to emit electric charges from the
vertical CCDs 12 and horizontal CCD 13 (step S41).

(12) The luminance signals generated in step S41 are trans-
terred from the light-sensitive elements 11 to the vertical
CCDs 12 (step S42).

(13) The solid-state 1image sensing device 1 outputs lumi-
nance signals 1n the normal transfer (step S43).

(14) The CDS 21 removes noise from the luminance signals
output from the solid-state 1image sensing device 1, and
amplifies the luminance signals (step S44).

(15) The A/D 22 converts the amplified analog luminance
signals output from the CDS 21 into digital luminance
signals, and outputs the digital luminance signals (step
S45).

(16) The correction value calculating unit 26 calculates, as a
difference for the normal transfer, a difference between
values of (1) a luminance signal that corresponds to a cor-
rection-target vertical line that 1s identified by an X address
recorded by the address recording unit 25, and the pixel
being within the lower vertical non-effective area and (11) a
luminance signal that corresponds to another vertical line
around the correction-target vertical line and 1s within the
lower vertical non-efiective area (step S46).

(17) The correcting unit 27 obtains a difference for the high-
speed sweeping emission by multiplying the difference
calculated 1n step S46 by a result value of “(transfer time
during high-speed sweeping emission)/(normal transfer
time)” (step S47).

(18) The correcting unit 27 divides the correction-target ver-
tical line into the upper portion and the lower portion,
corrects values of luminance signals for the upper portion
ol the correction-target vertical line using the difference for
the high-speed sweeping emission obtained 1n step S47,
and corrects values of luminance signals for the lower
portion of the correction-target vertical line using the dii-
terence for the normal transier obtained 1n step S46 (step

348).
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(19) The correcting umt 27 obtains a correction value for a
pixel at a point defect by multiplying a difference calcu-
lated by the correction value calculating unit 26 by a pre-
determined value, corrects a luminance signal of the pixel
at the point defect using the obtained correction value,

outputs 1mage information to outside, and returns to step
S32 (step S49).

Sumimary

As described above, the imaging system of Embodiment 1
can measure the amount of influence of the dark current
generated with the presence of a point defect i a vertical
CCD 1n real time, and remove the portion corresponding to
the intluence from the luminance signals. This can make the
white vertical line or white defect 1n the displayed image less
prominent with high accuracy, dealing with both the white
defect and the high-speed sweeping emission.

Such an improvement enables the number of point defects
in the vertical CCDs used i1n screening the products to be
increased. This improves yields and reduces the production
COst.

Embodiment 2

<QOutline>

The invention in Embodiment 2 removes the portion cor-
responding to the influence of the dark current generated with
the presence of a point defect 1n a vertical CCD, from the
luminance signals and makes the vertical white line less
prominent when a blur-by-hand correction function, which 1s
disclosed 1n, for example, Japanese Laid-Open Patent Appli-
cation No. 07-38799, 1s performed.

In the blur-by-hand correction function 1s performed, the
number of pixels for the high-speed sweeping emission dif-
ters per field. As a result, the number of pixels for the high-
speed sweeping emission 1s obtained from outside per field,
luminance signals corresponding to the high-speed sweeping
emission are identified from the obtained number and the
address of a point defect 1n a vertical CCD, and the correction
1s made approprately.

<Construction>

FIG. 7 shows the construction of an imaging system in
Embodiment 2 of the present invention.

As shown 1n FIG. 7, the imaging system 1n Embodiment 2,
which 1s embedded 1n an 1maging apparatus such as a video
camera or a digital still camera, receives light, allows the
received light to pass through a lens to form an image by
focusing, performs a light-to-electric conversion on the
formed 1mage, and outputs electric signals as the 1image infor-
mation. The 1imaging system includes a solid-state 1mage
sensing device 4, a signal processing unit 3, and a driving unit
6.

The solid-state 1mage sensing device 4 1s the same as the
solid-state image sensing device 1 in Embodiment 1.

The signal processing unit 5, which includes a CDS 51, an
A/D 52, a time axis converting unit 53, an 1mage motion
detecting unit 54, a control unit 55, and a DSP 56, 1ssues a
driving instruction to the driving unit 6, recerves luminance
signals output from the solid-state 1image sensing device 4,

processes the received luminance signals, and outputs image
information to outside. The signal processing unit 5 includes

The CDS 51 i1s the same as the CDS 21 in Embodiment 1.
The A/D 52 1s the same as the A/D 22 1n Embodiment 1.

The time axis converting unit 33, 11 an 1input digital lumi-
nance signal corresponds to a smaller size of an area on the
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screen than the desired size of the area, extends the display
period of the luminance signal to a stipulated display period.

The image motion detecting unit 534 detects a motion 1n the
image based on the mput digital luminance signals.

The control unit 35 drives the driving unit 6 to control the
range of the luminance signals output by the solid-state image
sensing device 4, based on the motion detected by the image
motion detecting unit 34. The control unit 35 also controls the
range of the luminance signals output by the time axis con-
verting unit 53.

The control unit 35 outputs values v1 and v2 per field when
a blur-by-hand correction function 1s performed, where the
value v1 represents the number of pixels that are emitted by a
high-speed sweeping emission that 1s performed before lumi-
nance signals are transiferred from the light-sensitive ele-
ments 11 to the vertical CCDs, and the value v2 represents the
number of pixels that are emitted by a high-speed sweeping
emission that 1s performed after luminance signals are trans-
ferred from the light-sensitive elements 11 to the vertical
CCD:s.

The DSP 56 generates image information by performing,
digital processing on the digital luminance signals output
from the time axis converting unit 53.

As shown 1n FIG. 7, the DSP 56 includes a point defect
detecting unit 57, an address recording unit 58, a correction
value calculating unit 59, and a correcting unit 60.

The point defect detecting unit 57 1s the same as the point
defect detecting unit 24 1n Embodiment 1.

The address recording unit 38 1s the same as the address
recording unit 25 1n Embodiment 1.

The correction value calculating unit 59, during an 1mage
shooting, calculates, as a difference corresponding to the
normal transier time, either (a) a difference between values of
(1) a luminance signal that corresponds to the correction-
target vertical line and 1s within the upper vertical non-effec-
tive area and (11) a luminance signal that corresponds to a
predetermined position on another vertical line around the
correction-target vertical line and 1s within the upper vertical
non-elfective area, or (b) a difference between values of (1) a
luminance signal that corresponds to the correction-target
vertical line and 1s within the lower vertical non-effective area
and (1) a luminance signal that corresponds to a predeter-
mined position-on another vertical line around the correction-
target vertical line and 1s within the lower vertical non-effec-
tive area.

The correcting unit 60, when the blur-by-hand correction
function 1s performed, recerves during each field from the
control unit 55 a value indicating the number of pixels that are
outside the effective pixel area and for which luminance
signals are to be emitted by a high-speed sweeping emission,
and obtains a difference corresponding to the high-speed
sweeping emission by converting the difference correspond-
ing to the normal transfer time calculated by the correction
value calculating unit 59, using aratio between a transfer time
in the high-speed sweeping emission and the normal transfer
time. The correcting unit 60 then performs the correction by
subtracting the calculated difference corresponding to the
normal transfer time from each value of luminance signals
that are among the luminance signals corresponding to the
correction-target vertical line, excluding a luminance signal
for a pixel at the recorded Y address and as many luminance
signals for pixels adjacent to the pixel at the Y address as
indicated by the value received from the control unit 55, and
by subtracting the calculated difference corresponding to the
high-speed sweeping emission from each value of luminance
signals that are among the luminance signals corresponding,
to the correction-target vertical line and are as many lumi-
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nance signals adjacent to the pixel of the recorded Y address
as indicated by the value received from the control unit 55.
This will be explained 1n more detail with a concrete
example. When the blur-by-hand correction function 1s per-
formed, the correcting unit 60 receives, from the control unit
535, the values v1 and v2 per field, where the value v1 repre-
sents the number of pixels that are emitted by a high-speed
sweeping emission that 1s performed before luminance sig-
nals are transierred from the light-sensitive elements 11 to the
vertical CCDs, and the value v2 represents the number of
pixels that are emitted by a high-speed sweeping emission
that 1s performed after luminance signals are transierred from
the light-sensitive elements 11 to the vertical CCDs. In
regards with the point defect A (100, 100), the correcting unit
60 converts the difference o.2 using the following equation:

Converted difference —u2x10 us/100 ps=a2/10.

The correcting unit 60 then subtracts the difference o2
from each value of the luminance signals that correspond to
vertical sequences of pixels (100, 0) to (100,99-v1) and (100,
101+v2) to (100, 299). The correcting unit 60 also subtracts
the converted difference “02/10” from each value of the
luminance signals that correspond to vertical sequences of
pixels (100, 100—y1) to (100, 99) and (100, 101) to (100,
100+v2). Sumilarly, 1n regards with the point defect B (300,
200), the correcting unit 60 calculates a converted difference
“B2/10” by converting the difference 32. The correcting unit
60 then subtracts the difference p2 from each value of the
luminance signals that correspond to vertical sequences of
pixels (300, 0) to (300, 199—v1) and (300, 201+v2) to (300,
299). The correcting unit 60 also subtracts the converted
difference “P2/10” from each value of the luminance signals
that correspond to vertical sequences of pixels (300, 200-v1)
to (300, 199) and (300, 201) to (300, 200+v2).

The correcting unit 60 further obtains a correction value for
a pixel at a point defect by multiplying a difference calculated
by the correction value calculating unit 39 by a predetermined
value, and corrects a luminance signal of the pixel at the point
defect using the obtained correction value.

For detailed example of the correction regarding the Iumi-
nance signal of the pixel at the point defect by the correcting,
unit 60, refer to an example provided 1n Embodiment 1.

The driving unit 6 drives the solid-state 1mage sensing
device 4 1n accordance with a driving instruction 1ssued by the
signal processing unit 5.

When the blur-by-hand correction function 1s performed,
the driving unit 6 receives, from the control unit 35, the values
vl and y2 that each represent the number of pixels that are
emitted by a high-speed sweeping emission, and drives the
solid-state image sensing device 4 while controlling the range
of luminance signals output by the solid-state 1mage sensing
device 4.

FIG. 8A 1s a schematic view of transier pulses observed
during the vertical transier performed by the vertical CCDs
when the blur-by-hand correction function 1s performed.

FIG. 8B 1s a schematic view of an image without a correc-
tion of defects displayed when the blur-by-hand correction
function 1s performed. FIG. 8C 1s a schematic view of an
image displayed after the defects are corrected when the
blur-by-hand correction function 1s performed.

<Operation>
The procedure for detecting point defects in the vertical
CCDs 1s the same as that in Embodiment 1.

FI1G. 9 shows a procedure for an 1mage shooting operation
when the blur-by-hand correction function is performed, by
the imaging system in Embodiment 2 of the present invention.
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The following describes the procedure for an 1mage shoot-
ing operation when the blur-by-hand correction function 1s
performed.

(1) The solid-state image sensing device 4 1s initialized, at the
power-ON or the like (step S351). The mnitialization
includes, for example, emission of electric charges from
the light-sensitive elements 11, vertical CCDs 12, and hori-
zontal CCD 13 or the like.

(2) The driving unit 6 receives, from the control unit 35,
values v1 and y2 which each represent the number of pixels
that are emitted by the high-speed sweeping emission (step
S52).

(3) The driving unit 6 drives the solid-state 1image sensing,
device 4 so as to emit as many pixels as indicated by value
vl recerved 1n step S32 from the vertical CCDs 12 1n the
high-speed sweeping emission (step S53).

(4) All luminance signals generated during each field as a
result of light-to-electric conversion by the light-sensitive
clements 11 are transierred to the vertical CCDs 12 all at
once within the field (step S54).

(5) The driving unit 6 drives the solid-state 1mage sensing
device 4 so as to emit as many pixels as indicated by value
v2 recerved 1n step S52 from the vertical CCDs 12 1n the
high-speed sweeping emission (step S35).

(6) The solid-state image sensing device 4 outputs a prede-
termined number of luminance signals in the normal trans-
fer (step S56).

(7) The CDS 51 removes noise from the luminance signals
output from the solid-state 1image sensing device 4, and
amplifies the luminance signals (step S57).

(8) The A/D 352 converts the amplified analog luminance
signals output from the CDS 51 mto digital luminance
signals, and outputs the digital luminance signals (step
S58).

(9) The correction value calculating unit 59 calculates, as a
difference corresponding to the normal transier time, either
(a) a difference between values of (1) a luminance signal
that corresponds to the correction-target vertical line and 1s
within the upper vertical non-effective area and (11) a lumi-
nance signal that corresponds to a predetermined position
on another vertical line around the correction-target verti-
cal line and 1s within the upper vertical non-effective area,
or (b) a difference between values of (1) a luminance signal
that corresponds to the correction-target vertical line and 1s
within the lower vertical non-effective area and (11) a lumi-
nance signal that corresponds to a predetermined position
on another vertical line around the correction-target verti-
cal line and 1s within the lower vertical non-effective area
(step S59).

(10) The correcting unit 60 obtains a difference correspond-
ing to a high-speed sweeping emission by converting the
difference corresponding to the normal transier time cal-
culated by the correction value calculating unit 589, using a
ratio between a transfer time 1n the high-speed sweeping
emission and the normal transfer time (step S60).

(11) The correcting unit 60 performs the correction by sub-
tracting the calculated difference corresponding to the nor-
mal transier time from each value of luminance signals that
are among the luminance signals corresponding to the cor-
rection-target vertical line, excluding a luminance signal
for apixel attherecordedY address and as many luminance
signals for pixels adjacent to the pixel at the Y address as
the number of pixels emitted 1n the high-speed sweeping
emission, and by subtracting the calculated difference cor-
responding to the high-speed sweeping emission from each
value of luminance signals that are among the luminance
signals corresponding to the correction-target vertical line
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and areas many luminance signals adjacent to the pixel of

the recorded Y address as the number of pixels emitted 1n

the high-speed sweeping emission (step S61).

(12) The correcting umt 60 obtains a correction value for a
pixel at a point defect by multiplying a difference calcu-
lated by the correction value calculating unit 39 by a pre-
determined value, corrects a luminance signal of the pixel
at the point defect using the obtained correction value,
outputs 1mage information to outside, and returns to step

S32 (step S62).

<Summary >

As described above, the imaging system of Embodiment 2
can measure the amount of influence of the dark current
generated with the presence of a point defect i a vertical
CCD 1n real time using the vertical non-effective area when
the blur-by-hand correction function 1s performed, calculate a
difference corresponding to the high-speed sweeping emis-
s10n, and remove the portion corresponding to the influence
from the luminance signals. This can make the white vertical
line or white defect 1n the displayed image less prominent
with high accuracy, dealing with both the white defect and the
high-speed sweeping emission.

Such an improvement enables the number of point defects
in the vertical CCDs used in screening the products to be
increased. This improves yields and reduces the production
Cost.

Variation 1

Currently, the need for high-resolution still 1mages 1s
increasing. On the other hand, there 1s a limit to the resolution
of video 1mages due to the limit to the data transfer time.

There 1s also a demand for changing the resolution during
an 1mage shooting regardless of still or video.

Imaging apparatuses that came on the market from such
demands include an 1maging apparatus that can shoot both
still and video images, with still 1images having a higher
resolution than video 1mages, and an 1maging apparatus with
which the user can change the resolution as necessary during,
use.

Such 1maging apparatuses have solid-state 1mage sensing
devices that have as many pixels as are enough to achieve the
highest-solution for still images. When shooting still images
with the highest resolution, the 1maging apparatuses output a
luminance signal per light-sensitive element, but when shoot-
ing video images or still images with lower resolutions, the
imaging apparatuses output a luminance signal per a group of
adjacent light-sensitive elements.

The present mvention also can be varied to meet such
demands by adding, to the elements constituting Embodi-
ment 1 or 2, means for selecting a resolution and means for
converting the address of the point defect.

Ofthese, a variation of Embodiment 1 will be described as
Variation 1.

FIG. 10 shows the construction of an 1imaging system in
Variation 1 of the present invention.

As shown 1n FIG. 10, the imaging system in Variation 1
includes a resolution selecting unit 61, an address represen-
tation converting unit 62, and an address converting unit 63 in
addition to the components of the imaging system in Embodi-
ment 1.

The resolution selecting unit 61 selects a standard mode or
a mix mode, wherein in the standard mode, a luminance
signal 1s output in correspondence with an electric charge
output ifrom each light-sensitive element, and 1n the mix
mode, a luminance signal 1s output 1n correspondence with a
mixture of electric charges output from a predetermined num-
ber of light-sensitive elements.
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The selection of the mode will be explained by taking, as an
example, a solid-state image sensing device that has a 1,080,
000 pixel resolution (900 vertical pixels by 1,200 1s horizontal
pixels). It 1s supposed here that the example includes 1,080,
000 light-sensitive elements 11, 1,200 vertical CCDs 12, and
one horizontal CCD 13. The address of each pixel in the
standard mode 1s represented by (X address, Y address)=(nl,
ml) The X address “nl” takes a value ranging from “0” to
“1199”, and the Y address “m1” takes a value ranging from
“0” to “899”. In a plane in which the pixels are arranged, the
X address “nl” increases as the pixel position moves from left
to right, and theY address “m1” increases as the pixel position
moves from top to bottom. In vertical transfers, the first trans-
fer from the vertical CCDs to the horizontal CCD includes
1,200 luminance signals for pixels (0, 0), (1, 0), ... (1199, 0)
on the same horizontal line. The second transier includes
luminance signals for pixels (0, 1), (1,1),...(1199, 1) on the
same horizontal line. Transters continue 1n a similar manner,
and the last transfer includes luminance signals (0, 899), (1,
899), ...(1199, 899) on the same horizontal line.

In the following description, 1t 1s presumed that a point
defect Al has an address (301, 303) and a point defect B1 has
an address (902, 607).

It1s supposed here that 1n the mix mode, a luminance signal
1s output 1n correspondence with a mixture of electric charges
output from 9 light-sensitive elements (3 vertical elements by
3 horizontal elements). That 1s to say, 1n the mix mode, the
solid-state 1mage sensing device 1s driven as a solid-state
image sensing device that has a 120,000 pixel resolution (300
vertical pixels by 400 horizontal pixels).

The address representation converting unit 62 converts
address representation for the standard mode into address
representation for the mix mode if the mix mode 1s selected.

More specifically, the address representation converting,
unit 62 converts the address for the standard mode, which
ranges from (0, 0) to (1199, 899), into the address for the mix
mode, which ranges from (0, 0) to (399, 299).

The address converting unit 63, if the mix mode 1s selected,
converts each address of point defects recorded 1n the address
recording umt 25 mto each converted address by performing
a predetermined conversion process on the recorded address
of point defect. The converted address conform to the address
representation for the mix mode and identifies the point
defect.

The predetermined conversion process in the above-men-
tioned address conversion include: (1)add “1” to the recorded
address, (2) divide by the number of mixed pixels, and (3)
drop the remainder, or drop the fractional portion.

The predetermined conversion process will be explained 1n
more detail. The point defect A1 (301, 303) in the standard
mode 1s converted as follows: regarding the X address, (1)
301+1=302, (2) 302/3 (the number of mixed pixels 1n the
horizontal direction)=100, remainder 2, and (3) dropping the
remainder “2” leaves “100”’; and regarding the Y address, (1)
303+1=304, (2) 304/3 (the number of mixed pixels in the
vertical direction)=101, remainder 1, and (3) dropping the
remainder “1” leaves “101”°. As a result, the address of the

point defect A2 1n the mix mode, which corresponds to the
address of the point defect A1 (301, 303) in the standard

mode, 15 (100, 101).

Similarly, the point defect B1 (902, 607) in the standard
mode 1s converted as follows: regarding the X address,
(1)902+1=903, (2) 903/3=301, remainder 0, and (3) *“301” 1s
obtained due to no remainder; and regarding the Y address,
(1) 607+1=608, (2) 608/3 (the number of mixed pixels 1n the
vertical direction)=202, remainder 2, and (3) dropping the
remainder “2” leaves “202”. As a result, the address of the
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point defect B2 1n the mix mode, which corresponds to the
address of the point defect B1 (902, 607) 1n) the standard

mode, 1s (301, 202).
The point defect detecting unit 24 and the correcting unit

277 use the converted addresses generated by the address con-
verting unit 63 11 the mix mode 1s selected.

Variation 2

In the imaging systems of Embodiment 1 or 2 or variation
1, the number of transferred luminance signals in the vertical
direction (that 1s to say, the number of horizontal lines each of
which corresponds to one vertical transfer) for one screen
may be larger than the number of luminance signals in the
vertical direction (that 1s to say, the number of horizontal
lines) in a real area that 1s composed of the effective pixel
area, the vertical light-shielded area, and the vertical dummy
area. When this happens, luminance signals outside the real
area include empty transier signals that do not correspond to
any portion of the real area. In such a case, the correction
value calculating unit may calculate, as the correction value,
a difference between values of (1) an empty signal contained
in a luminance signal corresponding to the correction-target
vertical line and (11) an empty signal contained 1n a luminance
signal corresponding to another vertical line that 1s not a
correction target.

More specifically, suppose that the number of horizontal
lines 1n the real area 1s represented as “M”, and the number of
horizontal lines for one screen 1s represented as “N” Then, 11
M=N, all the output luminance signals correspond to any
portion of thereal area; but1f N>M, though luminance signals
output with the first to M horizontal lines correspond to any
portion of the real area, luminance signals output with the
(M+1) ” to N’ horizontal lines, namely luminance signals
output with (N-M) horizontal lines, are empty transier sig-
nals that do not correspond to any portion of the real area.

Furthermore, the empty transter signals are output after the
luminance signals for the M horizontal lines, which corre-
spond to the real area, are output. As a result, the output empty
transter signals include luminance signal components that are
ascribable to a point defect that exists 1n a portion of the
vertical CCDs corresponding to the M horizontal lines. In
addition, in the transfer corresponding to the (M+1)” to N”
horizontal lines, luminance signals output from the vertical
CCDs 1n the real area are not transferred, and no new lumi-
nance signal component 1s added. As a result, each empty
transier signal has approximately the same components as the

luminance signals output from the horizontal lines via the
vertical CCDs.

It should be noted here that the reason why the expression
“approximately the same” 1s used 1s that luminance signal
components obtained when, for example, two luminance sig-
nals corresponding to the same portion are not necessarily the
same due to a fluctuation 1n the time domain, and in the
vertical CCDs, the influence of the difference may become as
large as cannot be neglected.

Suppose, for example, that M>L, and a point defect exists
in a vertical CCD corresponding to the L” horizontal line,
causing each luminance signal that passes through the point
defect to be increased. In such a case, each luminance signal
1s not necessarily increased by the same value, and as large a
value as cannot be neglected may be added due to a fluctua-
tion in the domain of temperature or time.

If the empty transfer signals are used to calculate the cor-
rection value, errors due to the fluctuation in the time domain
can be removed, and the accuracy of the correction value can
be increased. The following will explain this 1n more detail.
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The luminance signals corresponding to the real area
including the M horizontal lines are output per horizontal
line. The luminance signals corresponding to the (M+1) ” to
N horizontal lines have approximately the same compo-
nents and errors due to the fluctuation 1n the time domain.

It 1s accordingly possible to remove only the errors due to
the fluctuation in the time domain without the influence 1n the
space domain, by averaging the luminance signals corre-
sponding to the (M+1) # to N horizontal lines. In the aver-
aging the empty transfer signals, luminance signals corre-
sponding to the M” horizontal line for the real area may be
included.

In some cases, the vertical dummy area at the lower side of
the screen does not exist or has a small number of horizontal
lines, mainly for the purpose of reducing the chip size. In such
cases, luminance signals corresponding to the vertical
dummy area cannot be used for the calculation of a correction
value, but the empty transfer signals can be used instead for
the calculation.

It should be noted here that when a correction value 1s
calculated using the empty transier signals, a conversion
equation based on a ratio of the transfer time of the empty
transier signals 1s used, as 1s the case with the calculation of a
correction value using the vertical light-shielded area and the
vertical dummy area.

The correction value calculating unit may calculate, as the
correction value, a difference between (a) any of (1) a value of
a luminance signal corresponding to a position on the correc-
tion-target vertical line within a vertical light-shielded area
that 1s outside an eflective pixel area, (11) a value of a lumi-
nance signal corresponding to a position on the correction-
target vertical line within a vertical dummy area that does not
lave any light-sensitive element, and (111) a value obtained by
performing a calculation using values of (111-1) the luminance
signal corresponding to a position on the correction-target
vertical line within the vertical light-shielded area, and (111-2)
the luminance signal corresponding to a position on the cor-
rection-target vertical line within the vertical dummy area,
and (b) any of (1v) a value of a luminance signal correspond-
ing to a position on another vertical line, that 1s not a correc-
tion target, within the vertical light-shielded area, (v) a value
of a luminance signal corresponding to a position on another
vertical line, that 1s not a correction target, within the vertical
dummy area, and (vi1) a value obtained by performing a cal-
culation using values of (vi-1) the luminance signal corre-
sponding to a position on another vertical line within the
vertical light-shielded area and (vi-2) the luminance signal
corresponding to a position on another vertical line within the
vertical dummy area.

Also, the correction value calculating unit may calculate,
as the correction value, a diflerence between (a) any of (1) a
value of a luminance signal corresponding to a position on the
correction-target vertical line within a vertical light-shielded
area that 1s outside an effective pixel area, (11) a value of a
luminance signal corresponding to a position on the correc-
tion-target vertical line within a vertical dummy area that
does not have any light-sensitive element, (111) a value of an
empty transier signal corresponding to a position on the cor-
rection-target vertical line, and (1v) a value obtained by per-
forming a calculation using values of at least two of (iv-1) the
luminance signal corresponding to a position on the correc-
tion-target vertical line within the vertical light-shielded area,
(1v-2) the luminance signal corresponding to a position on the
correction-target vertical line within the vertical dummy area,
and (1v-3) the empty transier signal corresponding to a posi-
tion on the correction-target vertical line, and (b) any of (v) a
value of a luminance signal corresponding to a position on
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another vertical line, that 1s not a correction target, within the
vertical light-shielded area, (v1) a value of a luminance signal
corresponding to a position on another vertical line, that 1s not
a correction target, within the vertical dummy area, (vi1) a
value of an empty transfer signal corresponding to a position
on another vertical line, and (vi11) a value obtained by per-
forming a calculation using values of at least two of (vii1-1)
the luminance signal corresponding to a position on another
vertical line within the vertical light-shielded area, (vi11-2) the
luminance signal corresponding to a position on another ver-
tical line within the vertical dummy area, and (vii1-3) the
empty transfer signal corresponding to a position on another
vertical line.

INDUSTRIAL APPLICABILITY

The present invention can be applicable to 1maging appa-
ratuses such as home video cameras and digital still cameras.
The present 1nvention provides a solid-state 1mage sensing
device that can make a vertical white line on the screen less
prominent and contributes to improvement in 1mage quality
of the 1imaging apparatuses.

The effect of making a vertical white line on the screen less
prominent can increase the number of point defects 1 the
vertical CCDs used 1n screening the products. This improves
yvields and reduces the production cost, contributing to
decrease 1n the price of the 1imaging apparatuses.

The present invention 1s also applicable to variable imaging
apparatuses, not limited to those mtended for home use.

Although the present invention has been fully described by
way of examples with reference to the accompanying draw-
ings, it 1s to be noted that various changes and modifications
will be apparent to those skilled 1n the art. Therefore, unless
such changes and modifications depart from the scope of the
present invention, they should be construed as being included
therein.

What 1s claimed 1s:

1. An 1mage defect correction apparatus that processes
luminance signals output from two-dimensionally arranged
light-sensitive elements via a plurality of vertical charge
coupled devices and a horizontal charge coupled device 1n a
predetermined order, and outputs image information, the
image defect correction apparatus comprising:

a recording unit operable to record therein an X address for
identifying a correction-target vertical line of pixels that
corresponds to a vertical charge coupled device in which
a point defect exists;

a correction value calculating unit operable to calculate a
correction value from values of (1) a luminance signal
corresponding to at least one pixel at a predetermined
position on the correction-target vertical line identified
by the recorded X address and (1) a luminance signal
corresponding to at least one pixel at a predetermined
position on another vertical line that 1s not a correction
target; and

a correcting unit operable to correct values of luminance
signals corresponding to the correction-target vertical
line, based on the calculated correction value,

wherein the correction value calculating unit calculates, as
the correction value, a difference between

(a) any of (1) a value of a luminance signal corresponding to
a position on the correction-target vertical line within a
vertical light-shielded area that i1s outside an effective
pixel area, (11) a value of a luminance signal correspond-
ing to a position on the correction-target vertical line
within a vertical dummy area that does not have any
light-sensitive element, and (111) a value obtained by
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performing a calculation using values of (111-1) the lumi-
nance signal corresponding to a position on the correc-
tion-target vertical line within the vertical light-shielded
area, and (111-2) the luminance signal corresponding to a
position on the correction-target vertical line within the
vertical dummy area, and

(b) any of (1v) a value of a luminance signal corresponding
to a position on another vertical line, that 1s not a cor-
rection target, within the vertical light-shielded area, (v)
a value of a luminance signal corresponding to a position
on another vertical line, that 1s not a correction target,
within the vertical dummy area, and (v1) a value obtained
by performing a calculation using values of (vi-1) the
luminance signal corresponding to a position on another
vertical line within the vertical light-shielded area and
(vi1-2) the luminance signal corresponding to a position
on another vertical line within the vertical dummy area.

2. The mmage defect correction apparatus of claim 1,
wherein

the number of transterred luminance signals in the vertical
direction 1s larger than the number of luminance signals
in the vertical direction 1n a real area that 1s composed of
the effective pixel area, the vertical light-shielded area,
and the vertical dummy area, and

luminance signals outside the real area include empty
transier signals that do not correspond to any portion of
the real area, wherein

the correction value calculating unit calculates, as the cor-
rection value, a difference between

(a) any of (1) a value of a luminance signal corresponding to
a position on the correction-target vertical line within a
vertical light-shielded area that 1s outside an effective
pixel area, (11) a value of a luminance signal correspond-
ing to a position on the correction-target vertical line
within a vertical dummy area that does not have any
light-sensitive element, (111) a value of an empty transfer
signal corresponding to a position on the correction-
target vertical line, and (1v) a value obtained by perform-
ing a calculation using values of at least two of (iv-1) the
luminance signal corresponding to a position on the
correction-target vertical line within the vertical light-
shielded area, (1v-2) the luminance signal corresponding,
to a position on the correction-target vertical line within
the vertical dummy area, and (1v-3) the empty transier
signal corresponding to a position on the correction-
target vertical line, and

(b) any of (v) a value of a luminance signal corresponding
to a position on another vertical line, that 1s not a cor-
rection target, within the vertical light-shielded area, (v1)
a value of a luminance signal corresponding to a position
on another vertical line, that 1s not a correction target,
within the vertical dummy area, (vi1) a value of an empty
transier signal corresponding to a position on another
vertical line, and (vi11) a value obtained by performing a
calculation using values of at least two of (viui-1) the
luminance signal corresponding to a position on another
vertical line within the vertical light-shielded area, (vi1i-
2) the luminance signal corresponding to a position on
another vertical line within the vertical dummy area, and
(vii1-3) the empty transier signal corresponding to a
position on another vertical line.

3. The image defect correction apparatus of claim 2,
wherein the correcting unit corrects values of luminance sig-
nals corresponding to the correction-target vertical line,
based on the calculated difference 1n real time.
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4. The mmage defect correction apparatus of claim 3, dummy area that 1s placed lower on a screen and being,
wherein the recording unit further records therein a’Y address on the correction-target vertical line and (11) a luminance
for identitying a position of the point defect on the correction- signal corresponding to the lower vertical dummy area
target vertical line, and and being on another vertical line that 1s not a correction

the correction value calculating unit operable to calculate 5 target, and

cither (a) (a-1) a first difference between values of (1) a
luminance signal corresponding to an upper vertical

light-shielded area that 1s placed higher than the effec-

tive pixel area on a screen and being on the correction-

target, or (b-2) a fourth difference between values of (1)
a luminance signal corresponding to a lower vertical

the correcting unit obtains, by a predetermined calculation,
cither the first or second difference not having been
calculated, from either the first or second difference
having been calculated, and obtains, by a predetermined

target vertical line and (11) a luminance signal corre- 10 calculation, either the third or fourth difference not hav-
sponding to the upper vertical light-shielded area and ing been calculated, from either the third or fourth dit-
being on another vertical line that 1s not a correction ference having been calculated, and
target and (a-2) a second difference between values of (1) the correcting unit performs the correction by subtracting
a luminance signal corresponding to a lower vertical the calculated first or third difference from each lumi-
light-shielded area that 1s placed lower than the effective 15 nance signal corresponding to a portion of the correc-
pixel area on a screen and being on the correction-target tion-target vertical line that 1s higher than the recorded Y
vertical line and (11) a luminance signal corresponding to address, and by subtracting the calculated second or
the lower vertical light-shielded area and being on fourth difference from each luminance signal corre-
another vertical line that 1s not a correction target, or (b) sponding to a portion of the correction-target vertical
(b-1) athird difference between values of (1) aluminance 20 line that 1s lower than the recorded Y address.
signal corresponding to an upper vertical dummy area 6. The image defect correction apparatus of claim 3,
that 1s placed higher on a screen and being on the cor- wherein the correcting unit, when a still image 1s shot,
rection-target vertical line and (11) a luminance signal obtains, by a calculation using a conversion equation that 1s
corresponding to the upper vertical dummy area and based on a ratio between a transier time 1n a high-speed
being on another vertical line that 1s not a correction 25 sweeping emission and a normal transier time, either the first
target and (b-2) a fourth difference between values of (1) or second difference not having been calculated, from either
a luminance signal corresponding to a lower vertical the first or second difference having been calculated, and
dummy area that 1s placed lower on a screen and being obtains, by the calculation using the conversion equation,
on the correction-target vertical line and (11) a luminance either the third or fourth difference not having been calcu-
signal corresponding to the lower vertical dummy area 30 lated, from either the third or fourth difference having been
and being on another vertical line that 1s not a correction calculated.
target, and 7. The mmage defect correction apparatus of claim 3,
the correcting unit performs the correction by subtracting wherein the recording unit further records theremn a’Y address
the calculated first or third difference from each lumi- for identitying a position of the point defect on the correction-
nance signal corresponding to a portion of the correc- 35 target vertical line, and
tion-target vertical line that 1s higher than the recorded Y the correction value calculating unit operable to calculate
address, and by subtracting the calculated second or either (a) (a-1) a difference between values of (1) a lumi-
fourth difference from each luminance signal corre- nance signal corresponding to an upper vertical light-
sponding to a portion of the correction-target vertical shielded area that 1s placed higher than the effective
line that 1s lower than the recorded Y address. 40 pixel area on a screen and being on the correction-target
5. The mmage defect correction apparatus of claim 3, vertical line and (11) a luminance signal corresponding to
wherein the recording unit further records therein a’Y address the upper vertical light-shielded area and being on
for 1dentifying a position of the point defect on the correction- another vertical line that 1s not a correction target, or
target vertical line, and (a-2) a difference between values of (1) a luminance
the correction value calculating unit operable to calculate 45 signal corresponding to a lower vertical light-shielded
cither (a) (a-1) a first difference between values of (1) a area that 1s placed lower than the effective pixel area on
luminance signal corresponding to an upper vertical a screen and being on the correction-target vertical line
light-shielded area that 1s placed higher than the effec- and (11) a luminance signal corresponding to the lower
tive pixel area on a screen and being on the correction- vertical light-shielded area and being on another vertical
target vertical line and (11) a luminance signal corre- 50 line that 1s not a correction target, or (b) (b-1) a differ-
sponding to the upper vertical light-shielded area and ence between values of (1) a luminance signal corre-
being on another vertical line that 1s not a correction sponding to an upper vertical dummy area that 1s placed
target, or (a-2) a second difference between values of (1) higher on a screen and being on the correction-target
a luminance signal corresponding to a lower vertical vertical line and (11) a luminance signal corresponding to
light-shielded area that 1s placed lower than the effective 55 the upper vertical dummy area and being on another
pixel area on a screen and being on the correction-target vertical line that 1s not a correction target, or (b-2) a
vertical line and (11) a luminance signal corresponding to difference between values of (1) a luminance signal cor-
the lower vertical light-shielded area and being on responding to a lower vertical dummy area that 1s placed
another vertical line that 1s not a correction target, or (b) lower on a screen and being on the correction-target
(b-1) athird difference between values of (1) aluminance 60 vertical line and (11) a luminance signal corresponding to
signal corresponding to an upper vertical dummy area the lower vertical dummy area and being on another
that 1s placed higher on a screen and being on the cor- vertical line that 1s not a correction target, where the
rection-target vertical line and (11) a luminance signal calculated difference corresponds to a normal transfer
corresponding to the upper vertical dummy area and time, and
being on another vertical line that 1s not a correction 65  the correcting unit, when a blur-by-hand correction func-

tion 1s performed, obtains a difference corresponding to
a high-speed sweeping emission by converting the cal-
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culated difference corresponding to the normal transfer
time using a ratio between a transfer time in the high-
speed sweeping emission and the normal transier time,
obtains the number of pixels that are outside the effective
pixel area and emitted 1n the high-speed sweeping emis-
ston, and performs the correction by subtracting the
calculated difference corresponding to the normal trans-
fer time from each value of luminance signals that are
among the luminance signals corresponding to the cor-
rection-target vertical line, excluding as many lumi-
nance signals adjacent to a pixel of the recorded Y
address as the number of pixels emitted 1n the high-
speed sweeping emission, and
by subtracting the calculated difference corresponding to
the high-speed sweeping emission from each value of
luminance signals that are among the luminance signals
corresponding to the correction-target vertical line and
are as many luminance signals adjacent to the pixel of
therecordedY address as the number of pixels emitted in
the high-speed sweeping emission.
8. The mmage defect correction apparatus of claim 1,
wherein the correcting unit corrects values of luminance sig-

nals corresponding to the correction-target vertical line,
based on the calculated difference in real time.

9. The mmage defect correction apparatus ol claim 8,
wherein the recording unit further records therein a’Y address
for identitying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate
either (a) (a-1) a first difference between values of (1) a

luminance signal corresponding to an upper vertical
light-shielded area that 1s placed higher than the etfec-

tive pixel area on a screen and being on the correction-
target vertical line and (1) a luminance signal corre-
sponding to the upper vertical light-shielded area and
being on another vertical line that 1s not a correction
target and (a-2) a second difference between values of (1)
a luminance signal corresponding to a lower vertical
light-shielded area that 1s placed lower than the effective
pixel area on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the lower vertical light-shielded area and being on
another vertical line that 1s not a correction target, or (b)
(b-1) athird difference between values of (1) a luminance
signal corresponding to an upper vertical dummy area
that 1s placed higher on a screen and being on the cor-
rection-target vertical line and (1) a luminance signal
corresponding to the upper vertical dummy area and
being on another vertical line that 1s not a correction
target and (b-2) a fourth difference between values of (1)
a luminance signal corresponding to a lower vertical
dummy area that 1s placed lower on a screen and being
on the correction-target vertical line and (11) a luminance
signal corresponding to the lower vertical dummy area
and being on another vertical line that 1s not a correction
target, and

the correcting unit performs the correction by subtracting
the calculated first or third difference from each lumi-
nance signal corresponding to a portion of the correc-
tion-target vertical line that 1s higher than the recorded Y
address, and by subtracting the calculated second or
fourth difference from each luminance signal corre-
sponding to a portion of the correction-target vertical
line that 1s lower than the recorded Y address.
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10. The image defect correction apparatus of claim 8,
wherein the recording unit further records therein a’Y address
for identitying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate

cither (a) (a-1) a first difference between values of (1) a
luminance signal corresponding to an upper vertical
light-shielded area that 1s placed higher than the effec-
tive pixel area on a screen and being on the correction-
target vertical line and (11) a luminance signal corre-
sponding to the upper vertical light-shielded area and
being on another vertical line that 1s not a correction
target, or (a-2) a second difference between values of (1)
a luminance signal corresponding to a lower vertical
light-shielded area that 1s placed lower than the effective
pixel area on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the lower vertical light-shielded area and being on
another vertical line that 1s not a correction target, or (b)
(b-1) a third difference between values o1 (1) a luminance
signal corresponding to an upper vertical dummy area
that 1s placed higher on a screen and being on the cor-
rection-target vertical line and (1) a luminance signal
corresponding to the upper vertical dummy area and
being on another vertical line that 1s not a correction
target, or (b-2) a fourth difference between values of (1)
a luminance signal corresponding to a lower vertical
dummy area that 1s placed lower on a screen and being
on the correction-target vertical line and (11) a luminance
signal corresponding to the lower vertical dummy area
and being on another vertical line that 1s not a correction
target, and

the correcting unit obtains, by a predetermined calculation,

cither the first or second difference not having been
calculated, from either the first or second difference
having been calculated, and obtains, by a predetermined
calculation, either the third or fourth difference not hav-
ing been calculated, from either the third or fourth di-
ference having been calculated, and

the correcting unit performs the correction by subtracting

the calculated first or third difference from each lumi-
nance signal corresponding to a portion of the correc-
tion-target vertical line that 1s higher than the recorded Y
address, and by subtracting the calculated second or
fourth difference from each luminance signal corre-
sponding to a portion of the correction-target vertical
line that 1s lower than the recorded Y address.

11. The image defect correction apparatus of claim 10,
wherein the correcting unit, when a still 1mage 1s shot,
obtains, by a calculation using a conversion equation that 1s
based on a ratio between a transier time 1n a high-speed
sweeping emission and a normal transier time, either the first
or second difference not having been calculated, from either
the first or second difference having been calculated, and
obtains, by the calculation using the conversion equation,
either the third or fourth difference not having been calcu-
lated, from either the third or fourth difference having been
calculated.

12. The image defect correction apparatus of claim 8,
wherein the recording unit further records theremn a’Y address
for identitying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate

either (a) (a-1) a difference between values of (1) a lumi-
nance signal corresponding to an upper vertical light-
shielded area that 1s placed higher than the effective
pixel area on a screen and being on the correction-target
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vertical line and (11) a luminance signal corresponding to
the upper vertical light-shielded area and being on
another vertical line that 1s not a correction target, or
(a-2) a difference between values of (1) a luminance
signal corresponding to a lower vertical light-shielded
area that 1s placed lower than the effective pixel area on
a screen and being on the correction-target vertical line
and (11) a luminance signal corresponding to the lower
vertical light-shielded area and being on another vertical
line that 1s not a correction target, or (b) (b-1) a differ-
ence between values of (1) a luminance signal corre-
sponding to an upper vertical dummy area that 1s placed
higher on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the upper vertical dummy area and being on another
vertical line that 1s not a correction target, or (b-2) a
difference between values of (1) a luminance signal cor-
responding to a lower vertical dummy area that 1s placed
lower on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the lower vertical dummy area and being on another
vertical line that 1s not a correction target, where the
calculated difference corresponds to a normal transfer
time, and

the correcting unit, when a blur-by-hand correction func-

tion 1s performed, obtains a difference corresponding to
a high-speed sweeping emission by converting the cal-
culated difference corresponding to the normal transfer
time using a ratio between a transfer time 1n the high-
speed sweeping emission and the normal transier time,
obtains the number of pixels that are outside the effective
pixel area and emitted 1n the high-speed sweeping emis-
sion, and performs the correction by subtracting the
calculated difference corresponding to the normal trans-
fer time from each value of luminance signals that are
among the luminance signals corresponding to the cor-
rection-target vertical line, excluding as many lumi-
nance signals adjacent to a pixel of the recorded Y
address as the number of pixels emitted 1n the high-
speed sweeping emission, and

by subtracting the calculated difference corresponding to

the high-speed sweeping emission from each value of
luminance signals that are among the luminance signals
corresponding to the correction-target vertical line and
are as many luminance signals adjacent to the pixel of
therecordedY address as the number of pixels emitted in
the high-speed sweeping emission.

13. The image defect correction apparatus of claim 1,
wherein the correction value calculating unit calculates, as
the correction value, (a) a difference between values of (1) a
luminance signal corresponding to a position on the correc-
tion-target vertical line within a vertical light-shielded area
that 1s outside an eflective pixel area and (11) a luminance
signal corresponding to a position on another vertical line,
that 1s not a correction target, within the vertical light-
shielded area, (b) a difference between values of (111) a value
of a luminance signal corresponding to a position on the
correction-target vertical line within a vertical dummy area
that does not have any light-sensitive element and (1v) a
luminance signal corresponding to a position on another ver-
tical line, that 1s not a correction target, within the vertical
dummy area, or (¢) a difference between (v) a value obtained
by performing a calculation using values of (v-1) the lumi-
nance signal corresponding to a position on the correction-
target vertical line within the vertical light-shielded area, and
(v-2) the luminance signal corresponding to a position on the
correction-target vertical line within the vertical dummy area
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and (v1) a value obtained by performing a calculation using
values oi(vi-1) the luminance signal corresponding to a posi-
tion on another vertical line within the vertical light-shielded
area and (vi1-2) the luminance signal corresponding to a posi-
tion on another vertical line within the vertical dummy area.

14. The image defect correction apparatus of claim 13,
wherein the number of transferred luminance signals in the
vertical direction 1s larger than the number of luminance
signals 1n the vertical direction 1n a real area that 1s composed
ol the effective pixel area, the vertical light-shielded area, and
the vertical dummy area, and

luminance signals outside the real area include empty

transier signals that do not correspond to any portion of
the real area, wherein

the correction value calculating unit calculates, as the cor-

rection value, (a) a difference between values of (1) a
luminance signal corresponding to a position on the
correction-target vertical line within a vertical light-
shielded area that 1s outside an eflective pixel area and
(11) a luminance signal corresponding to a position on
another vertical line, that 1s not a correction target,
within the vertical light-shielded area, (b) a difference
between values of (111) a value of a luminance signal
corresponding to a position on the correction-target ver-
tical line within a vertical dummy area that does not have
any light-sensitive element and (1v) a luminance signal
corresponding to a position on another vertical line, that
1s not a correction target, within the vertical dummy
area, (¢) a difference between values of (v) a value of an
empty transier signal corresponding to a position on the
correction-target vertical line and (vi1) a value of an
empty transier signal corresponding to a position on
another vertical line, or (d) a difference between (vi1) a
value obtained by performing a calculation using values
of at least two of (vii-1) the luminance signal corre-
sponding to a position on the correction-target vertical
line within the vertical light-shielded area, (vii-2) the
luminance signal corresponding to a position on the
correction-target vertical line within the vertical dummy
area, and (vi1-3) the empty transter signal corresponding,
to a position on the correction-target vertical line and
(vi11) a value obtained by performing a calculation using,
values of at least two of(vii-1) the luminance signal
corresponding to a position on another vertical line
within the vertical light-shielded area, (vi11-2) the lumi-
nance signal corresponding to a position on another
vertical line within the vertical dummy area, and (vi11-3)
the empty transier signal corresponding to a position on
another vertical line.

15. The image defect correction apparatus of claim 14,
wherein the correcting unit corrects values of luminance sig-
nals corresponding to the correction-target vertical line,
based on the calculated difference in real time.

16. The image defect correction apparatus of claim 15,
wherein the recording unit further records therein a’Y address
for identifying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate

cither (a) (a-1) a first difference between values of (1) a
luminance signal corresponding to an upper vertical
light-shielded area that 1s placed higher than the effec-
tive pixel area on a screen and being on the correction-
target vertical line and (11) a luminance signal corre-
sponding to the upper vertical light-shielded area and
being on another vertical line that 1s not a correction
target and (a-2) a second difference between values of (1)
a luminance signal corresponding to a lower vertical
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light-shielded area that 1s placed lower than the effective
pixel area on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the lower vertical light-shielded area and being on

the correcting unit performs the correction by subtracting

the calculated first or third difference from each lumi-

40

nance signal corresponding to a portion of the correc-
tion-target vertical line that 1s higher than the recorded Y
address, and by subtracting the calculated second or
fourth difference from each luminance signal corre-

another vertical line that 1s not a correction target, or (b) 5 sponding to a portion of the correction-target vertical
(b-1) athird difference between values of (1) a luminance line that 1s lower than the recorded Y address.
signal corresponding to an upper vertical dummy area 18. The image defect correction apparatus of claim 17,
that 1s placed higher on a screen and being on the cor- wherein the correcting unit, when a still image 1s shot,
rection-target vertical line and (11) a luminance signal obtains, by a calculation using a conversion equation that 1s
corresponding to the upper vertical dummy area and 10 based on a ratio between a transier time 1n a high-speed
being on another vertical line that 1s not a correction sweeping emission and a normal transier time, either the first
target and (b-2) a fourth difference between values of (1) or second difference not having been calculated, from either
a luminance signal corresponding to a lower vertical the first or second difference having been calculated, and
dummy area that 1s placed lower on a screen and being obtains, by the calculation using the conversion equation,
on the correction-target vertical line and (11) a luminance 15 either the third or fourth difference not having been calcu-
signal corresponding to the lower vertical dummy area lated, from either the third or fourth difference having been
and being on another vertical line that 1s not a correction calculated.
target, and 19. The image defect correction apparatus of claim 15,
the correcting unit performs the correction by subtracting wherein the recording unit further records theremn a’Y address
the calculated first or third difference from each lumi- 20 foridentifying a position of the point defect on the correction-
nance signal corresponding to a portion of the correc- target vertical line, and
tion-target vertical line that 1s higher than the recorded Y the correction value calculating unit operable to calculate
address, and by subtracting the calculated second or either (a) (a-1) a difference between values of (1) a lumi-
fourth difference from each luminance signal corre- nance signal corresponding to an upper vertical light-
sponding to a portion of the correction-target vertical 25 shielded area that 1s placed higher than the effective
line that 1s lower than the recorded Y address. pixel area on a screen and being on the correction-target
17. The image defect correction apparatus of claim 15, vertical line and (11) a luminance signal corresponding to
wherein the recording unit further records therein a’Y address the upper vertical light-shielded area and being on
for 1dentifying a position of the point defect on the correction- another vertical line that 1s not a correction target, or
target vertical line, and 30 (a-2) a difference between values of (1) a luminance
the correction value calculating unit operable to calculate signal corresponding to a lower vertical light-shielded
cither (a) (a-1) a first difference between values of (1) a area that 1s placed lower than the effective pixel area on
luminance signal corresponding to an upper vertical a screen and being on the correction-target vertical line
light-shielded area that 1s placed higher than the effec- and (11) a luminance signal corresponding to the lower
tive pixel area on a screen and being on the correction- 35 vertical light-shielded area and being on another vertical
target vertical line and (1) a luminance signal corre- line that 1s not a correction target, or (b) (b-1) a differ-
sponding to the upper vertical light-shielded area and ence between values of (1) a luminance signal corre-
being on another vertical line that 1s not a correction sponding to an upper vertical dummy area that 1s placed
target, or (a-2) a second difference between values of (1) higher on a screen and being on the correction-target
a luminance signal corresponding to a lower vertical 40 vertical line and (11) a luminance signal corresponding to
light-shielded area that 1s placed lower than the effective the upper vertical dummy area and being on another
pixel area on a screen and being on the correction-target vertical line that 1s not a correction target, or (b-2) a
vertical line and (11) a luminance signal corresponding to difference between values of (1) a luminance signal cor-
the lower vertical light-shielded area and being on responding to a lower vertical dummy area that 1s placed
another vertical line that 1s not a correction target, or (b) 45 lower on a screen and being on the correction-target
(b-1) athird difference between values of (1) a luminance vertical line and (11) a luminance signal corresponding to
signal corresponding to an upper vertical dummy area the lower vertical dummy area and being on another
that 1s placed higher on a screen and being on the cor- vertical line that 1s not a correction target, where the
rection-target vertical line and (11) a luminance signal calculated difference corresponds to a normal transfer
corresponding to the upper vertical dummy area and 50 time, and
being on another vertical line that 1s not a correction the correcting unit, when a blur-by-hand correction func-
target, or (b-2) a fourth difference between values of (1) tion 1s performed, obtains a difference corresponding to
a luminance signal corresponding to a lower vertical a high-speed sweeping emission by converting the cal-
dummy area that 1s placed lower on a screen and being culated difference corresponding to the normal transfer
on the correction-target vertical line and (11) a luminance 55 time using a ratio between a transier time in the high-
signal corresponding to the lower vertical dummy area speed sweeping emission and the normal transfer time,
and being on another vertical line that 1s not a correction obtains the number of pixels that are outside the effective
target, and pixel area and emitted 1n the high-speed sweeping emis-
the correcting unit obtains, by a predetermined calculation, stion, and performs the correction by subtracting the
cither the first or second difference not having been 60 calculated difference corresponding to the normal trans-
calculated, from either the first or second difference fer time from each value of luminance signals that are
having been calculated, and obtains, by a predetermined among the luminance signals corresponding to the cor-
calculation, either the third or fourth difference not hav- rection-target vertical line, excluding as many lumi-
ing been calculated, from either the third or fourth dit- nance signals adjacent to a pixel of the recorded Y
ference having been calculated, and 65 address as the number of pixels emitted 1n the high-

speed sweeping emission, and by subtracting the calcu-
lated difference corresponding to the high-speed sweep-
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ing emission from each value of luminance signals that
are among the luminance signals corresponding to the
correction-target vertical line and are as many lumi-
nance signals adjacent to the pixel of the recorded Y
address as the number of pixels emitted 1n the high-
speed sweeping emission.

20. The image defect correction apparatus of claim 13,
wherein the correcting unit corrects values of luminance sig-
nals corresponding to the correction-target vertical line,
based on the calculated difference in real time.

21. The image defect correction apparatus of claim 20,
wherein the recording unit further records therein a’Y address
for 1dentifying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate

either (a) (a-1) a first difference between values of (1) a
luminance signal corresponding to an upper vertical
light-shielded area that 1s placed higher than the effec-
tive pixel area on a screen and being on the correction-
target vertical line and (11) a luminance signal corre-
sponding to the upper vertical light-shielded area and
being on another vertical line that 1s not a correction
target and (a-2) a second difference between values of (1)
a luminance signal corresponding to a lower vertical
light-shielded area that 1s placed lower than the effective
pixel area on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the lower vertical light-shielded area and being on
another vertical line that 1s not a correction target, or (b)
(b-1) athird difference between values of (1) a luminance
signal corresponding to an upper vertical dummy area
that 1s placed higher on a screen and being on the cor-
rection-target vertical line and (1) a luminance signal
corresponding to the upper vertical dummy area and
being on another vertical line that 1s not a correction
target and (b-2) a fourth difference between values of (1)
a luminance signal corresponding to a lower vertical
dummy area that 1s placed lower on a screen and being
on the correction-target vertical line and (11) a luminance
signal corresponding to the lower vertical dummy area
and being on another vertical line that 1s not a correction
target, and

the correcting unit performs the correction by subtracting

the calculated first or third difference from each lumi-
nance signal corresponding to a portion of the correc-
tion-target vertical line that 1s higher than the recorded Y
address, and by subtracting the calculated second or
fourth difference from each luminance signal corre-
sponding to a portion of the correction-target vertical
line that 1s lower than the recorded Y address.

22. The image defect correction apparatus of claim 20,
wherein the recording unit further records therein a’Y address
for identitying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate

either (a) (a-1) a first difference between values of (1) a
luminance signal corresponding to an upper vertical
light-shielded area that 1s placed higher than the etfec-
tive pixel area on a screen and being on the correction-
target vertical line and (11) a luminance signal corre-
sponding to the upper vertical light-shielded area and
being on another vertical line that 1s not a correction
target, or (a-2) a second difference between values of (1)
a luminance signal corresponding to a lower vertical
light-shielded area that 1s placed lower than the effective
pixel area on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
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the lower vertical light-shielded area and being on
another vertical line that 1s not a correction target, or (b)
(b-1) a third difference between values o1 (1) a luminance
signal corresponding to an upper vertical dummy area
that 1s placed higher on a screen and being on the cor-
rection-target vertical line and (1) a luminance signal
corresponding to the upper vertical dummy area and
being on another vertical line that 1s not a correction
target, or (b-2) a fourth difference between values of (1)
a luminance signal corresponding to a lower vertical
dummy area that 1s placed lower on a screen and being
on the correction-target vertical line and (11) a luminance
signal corresponding to the lower vertical dummy area
and being on another vertical line that 1s not a correction
target, and

the correcting unit obtains, by a predetermined calculation,

cither the first or second difference not having been
calculated, from either the first or second difference
having been calculated, and obtains, by a predetermined
calculation, either the third or fourth difference not hav-
ing been calculated, from either the third or fourth dit-
ference having been calculated, and

the correcting unit performs the correction by subtracting

the calculated first or third difference from each lumi-
nance signal corresponding to a portion of the correc-
tion-target vertical line that 1s higher than the recorded Y
address, and by subtracting the calculated second or
fourth difference from each luminance signal corre-
sponding to a portion of the correction-target vertical
line that 1s lower than the recorded Y address.

23. The image defect correction apparatus of claim 22,
wherein the correcting unit, when a still 1image 1s shot,
obtains, by a calculation using a conversion equation that 1s
based on a ratio between a transier time 1n a high-speed
sweeping emission and a normal transier time, either the first
or second difference not having been calculated, from either
the first or second difference having been calculated, and
obtains, by the calculation using the conversion equation,
either the third or fourth difference not having been calcu-
lated, from either the third or fourth difference having been
calculated.

24. The image defect correction apparatus of claim 20,
wherein the recording unit further records therein a’Y address
for identifying a position of the point defect on the correction-
target vertical line, and

the correction value calculating unit operable to calculate

cither (a) (a-1) a difference between values of (1) a lumi-
nance signal corresponding to an upper vertical light-
shielded area that i1s placed higher than the effective
pixel area on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the upper vertical light-shielded area and being on
another vertical line that 1s not a correction target, or
(a-2) a difference between values of (1) a luminance
signal corresponding to a lower vertical light-shielded
area that 1s placed lower than the effective pixel area on
a screen and being on the correction-target vertical line
and (11) a luminance signal corresponding to the lower
vertical light-shielded area and being on another vertical
line that 1s not a correction target, or (b) (b-1) a differ-
ence between values of (1) a luminance signal corre-
sponding to an upper vertical dummy area that 1s placed
higher on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the upper vertical dummy area and being on another
vertical line that 1s not a correction target, or (b-2) a
difference between values of (1) a luminance signal cor-
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responding to a lower vertical dummy area that 1s placed
lower on a screen and being on the correction-target
vertical line and (11) a luminance signal corresponding to
the lower vertical dummy area and being on another
vertical line that 1s not a correction target, where the
calculated difference corresponds to a normal transfer
time, and

the correcting unit, when a blur-by-hand correction func-

tion 1s performed, obtains a difference corresponding to
a high-speed sweeping emission by converting the cal-
culated difference corresponding to the normal transfer
time using a ratio between a transfer time in the high-
speed sweeping emission and the normal transier time,
obtains the number of pixels that are outside the effective
pixel area and emitted 1n the high-speed sweeping emis-
sion, and performs the correction by subtracting the
calculated difference corresponding to the normal trans-
fer time from each value of luminance signals that are
among the luminance signals corresponding to the cor-
rection-target vertical line, excluding as many lumi-
nance signals adjacent to a pixel of the recorded Y
address as the number of pixels emitted 1n the high-
speed sweeping emission, and

by subtracting the calculated difference corresponding to

the high-speed sweeping emission from each value of
luminance signals that are among the luminance signals
corresponding to the correction-target vertical line and
are as many luminance signals adjacent to the pixel of
therecordedY address as the number of pixels emitted in
the high-speed sweeping emission.

25. The mmage defect correction apparatus of claim 1,
wherein the recording unit further records therein a’Y address
for identifying a position of the point defect on the correction-
target vertical line, and

the correcting unit further obtains a converted correction
value by converting the calculated correction value
based on a ratio between a normal transfer time and a
time during which a transfer of luminance values 1s
stopped, and

the correcting unit corrects a value of the point defect identi-
fied by the recorded X address and Y address, based on the
converted correction value.

26. The image defect correction apparatus of claim 1 fur-
ther comprising a point defect detecting unit operable to, prior
to an 1mage shooting, detect point defects 1n the vertical
charge coupled devices by stopping transierring luminance
signals from the light-sensitive elements to the vertical charge
coupled devices and also stopping a vertical transier from the
vertical charge coupled devices to the horizontal charge
coupled device for a predetermined time period, and then
outputting luminance signals, where output luminance sig-
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nals having values not higher than a predetermined value are
regarded as the point defects, and the point defect detecting
unit records into the recording unit mformation regarding
addresses of the detected point defects.

27. The mmage defect correction apparatus of claim 1,
wherein the correcting unit judges, for each luminance signal
to be corrected, whether a luminance signal 1s saturated, and
does not correct luminance signals that are judged to be
saturated.

28. The mmage defect correction apparatus of claim 1,
wherein the correcting unit judges, for each luminance signal
to be corrected, whether luminance signals surrounding the
luminance signal to be corrected are saturated, and does not
correct the luminance signal to be corrected 1t the luminance
signals surrounding the luminance signal are judged to be
saturated.

29. The mmage defect correction apparatus of claim 1,
wherein the correcting unit, for each luminance signal to be
corrected, judges whether a luminance signal 1s saturated,
calculates an expected value which a saturated luminance
signal 1s expected to have if a correction 1s made, compares
the expected value with a value of a luminance signal 1n a
vicinity of the saturated luminance signal, and replaces the
value of the saturated luminance signal with the value of the
luminance signal 1n the vicinity 1f the expected value of the
saturated luminance signal 1s lower than the value of the
luminance signal 1n the vicinity.

30. The image defect correction apparatus of claim 1 fur-
ther comprising;:

a mode selecting unit operable to select a standard mode or

a mi1x mode, wherein 1n the standard mode, a luminance
signal 1s output in correspondence with an electric
charge output from each light-sensitive element, and 1n
the mix mode, a luminance signal 1s output 1n correspon-
dence with a mixture of electric charges output from a
predetermined number of light-sensitive elements;

an address representation converting unit operable to con-

vert address representation for the standard mode nto
address representation for the mix mode if the mix mode
1s selected; and

an address converting unit operable to convert the recorded

X address 1nto a converted X address by performing a
calculation using a predetermined conversion equation
on the recorded X address, wherein the converted X
address conforms to the address representation for the
mix mode and identifies the correction-target vertical
line corresponding to the point defect, wherein

the correction value calculating unit and the correcting unit
use the converted X address instead of the X address 1t

the mix mode 1s selected.
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